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(54) Dielectric films and materials thereof 



(57) A material for dielectric films is a polymerizabte composition containing an organic solvent, and an adaman- 
tanepolycarboxyllc acid derivative represented by following Formula (1): 




wherein X is hydrogen atom, a hydrocarbon group or R+; Ri, PP, R3 and R 4 and are each independently a protected 
or unprotected carboxyl group, etc.; and Y 1 , Y 2 , Y 3 and Y 4 are each independently a singte bond or a bivalent aromatic 
cyclic group; and an aromatic polyamine derivative represented by following Formula (2): 
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wherein Ring Z Is a monocyclic or polycyclic aromatic ring; and R 5 , R 6 , R 7 and R 8 are each a substituent bound to 
Ring Z and are each independently a protected or unprotected amino group, etc., dissolved in the organic solvent. 

Fig. l 
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Description 

BACKGROUND OF THE INVENTION 
s 1. Field of the Invention 

[0001] The present invention relates to a material for the formation of a polybenzazole (imidazole, oxazole or thiazole) 
film having high heat resistance and a low dielectric constant, as well as a polymer and a dielectric film using the 
material. More specifically, it relates to a material forthe formation of a dielectric film which Is useful as a semiconductor 
io part, as well as a polymer and a dielectric film using the material. 

2. Description of the Related Art 

[0002] Polybenzazoles having an adarnantane skeleton are useful as highly heat-resistant resins (Journal of Polymer 

15 Science, Part A-1 (1 970). 8 (1 2), p. 3665-3666). In particular, highly crosslinked polybenzazoles using a trifunctional 
or tetrafunctional adarnantane derivative involve a multitude of molecuiar-scaie voids, have a low relative dielectric 
constant, satisfactory mechanical strength and heat resistance and are thereby very useful as materials for Interlayer 
dielectrics (Japanese Unexamined Patent Application Publication (JP-A) No. 2001-332543). These highly crosslinked 
polybenzazoles can be prepared, for example, by heating a material in the presence of a condensing agent such as 

20 a polyphosphoric acid. However, the resulting highly crosslinked resin is hardly soluble in solvent and cannot be sig- 
nificantly applied to a substrate by coating to form a thin film having a sufficient thickness as an interlayer dielectric. 
[0003] A thin film of a wholly aromatic chain polybenzazole is formed by a method, in which an aldehyde derivative 
as a material monomer is spread over an aqueous solution of an amine as another material monomer to form a film 
by polymerization on a gas-liquid interface; the film is laminated on a substrate by a horizontal attachment method and 

25 is subjected to a thermal treatment in the air to form a thin film of a polybenzazole (Japanese Unexamined Patent 
Application Publication (JP-A) No, 62-1 83881 ). However, the method is not suitable for industrial production, since it 
takes quite a long time to form the thin film. In addition, the precursor polyimine is subjected to an oxidative thermal 
treatment in a final process, and the resulting polybenzazole film may be possibly oxidized, thus a lower dielectric 
constant as a dielectric film is not expected. 

30 [0004] In addition, adamantanepofycarboxylic acids and aromatic polyammes used as material monomers have a 
significantly high polarity as acompound and are soluble in quite limited types of solvents. In particular, these monomers 
are hardly soluble in a solvent having a relatively low polarity, and a film having a thickness of several hundreds of 
nanometers required as an Interlayer dielectric for a semiconductor device cannot be significantly formed. Thus, sat- 
isfactory dielectric films of highly crosslinked polybenzazoles using a trifunctional or tetrafunctional adarnantane have 

3s not been formed. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, an object of the present invention is to provide a material for dielectric films, which contains 
*> components capable of constituting a highly crosslinked polybenzazole and can easily form a film having a sufficient 
thickness as an interlayer dielectric, as well as to provide a pofymer and a dielectric film formed from the material. 
[0006] Another object of the present invention is to provide a material that can form a dielectric film containing a 
polybenzazole having high heat resistance and a low dielectric constant and being usable as, for example, a semicon- 
ductor part, as well as to provide a polymer and a dielectric film formed from the material. 
45 [0007] After intensive investigations to achieve the above objects, the present inventors have found that, by convert- 
ing at least one of an adamantanepolycarboxylic acid and an aromatic polyamine as monomer components into a 
derivative which can be significantly highly dissolved in a solvent, the resulting material for dielectric films has a high 
monomer concentration and can form a dielectric film having a sufficient thickness as an interlayer dielectric. The 
present invention has been accomplished based on these findings. 
so [0008] Specifically, the present Invention provides, In a first aspect, a material for dielectric films, which is a poiym- 
erizable composition containing an adamantanepoiycarboxylic acid derivative represented by following Formula (1): 
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wherein X is a hydrog e n atom, a hydrocarbon group or FH; R1, R2, R3 an d R4 may be the same as or different from 
one another and are each a carbonyl halids group or a carboxyt group which may be protected by a protecting group; 
and Y\ Y2, Y 3 and Y 4 may be the same as or different from one another and are each a single bond or a bivalent 
aromalic cyclic group, wherein at least one of Ri, R2 and R3 is a carbonyl haiide group or a protected carboxyl group 
when X is a hydrogen atom or a hydrocarbon group, and at feast one of R*. R 2 , R3 and R+ is a carbonyl haiide group 
or a protected carboxyl group when X is R 4 ; an aromatic polyamine derivative represented by following Formula (2): 



wherein Ring Z is a monocyclic orpolycyclic aromatic ring; R s , R 6 , H 7 and R8 are each a substituent bound to Ring Z, 
R 5 and R e may be the same as or different from each other and are each an amino group which may be protected by 
a protecting group, and R 7 and R e may be the same as or different from each other and are each an amino group 
which may be protected by a protecting group, a hydroxyl group which may be protected by a protecting group, or a 
mercapto group which may be protected by a protecting group, wherein at least one of R? and R8 is a protected amino 
group, a protected hydroxyl group or a protected mercapto group when R s and R8 are both amino groups; and an 
organic solvent, the adamantanepolycarboxylic acid derivative and the aromatic polyamine derivative being dissolved 
in the organic solvent. 

[0009] The present invention also provides, in a second aspect, a materialfor dielectric films, which is a polymerizable 
composition containing an adamantanepolycarboxylic acid represented by following Formula (1a); 
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wherein X a is a hydrogen atom, a oarboxyi group or a hydrocarbon group; and Y 1 , Y 2 , Y 3 and Y 4 may be the same as 
or different from one another and are each a single bond or a bivalent aromatic cyclic group; an aromatic polyamine 
derivative represented by following Formula (2): 

5 



10 




wherein Ring Z is a monocyclic or polycyclic aromatic ring; R 5 , R 6 , R 7 and R 8 are each a substituent bound to Ring 2, 
15 R5 and R 6 may be the same as or different from each other and are each an amino group which may be protected by 
a protecting group, and R 7 and R a may be the same as or different from each other and are each an amino group 
which may be protected by a protecting group, a hydroxy! group which may be protected by a protecting group, or a 
mercapto group which may be protected by a protecting group, wherein at least one of R 7 and R 8 is a protected amino 
group, a protected hydroxyl group or a protected mercapto group when R 5 and R s are both amino groups; and an 
so organic solvent, the adamantanepoiycarboxylie acid and the aromatic polyamine derivative being dissolved in the or- 
ganic solvent. 

[001 Q] In a third aspect, the present Invention provides a material for dielectric films, which is a polymerizable com- 
position containing an adamantanepoiycarboxylie acid derivative represented by following Formula (1); 

25 



30 




v/herein X is a hydrogen atom, a hydrocarbon group or R 4 ; R 1 , R 2 , R 3 and R 4 may be the same as or different from 
■to one another and are each a caibonyl halide group or a carboxyl group which may be protected by a protecting group; 
and Y 1 , Y 2 , Y 3 and Y 4 may be the same as or different from one another and are each a single bond or a bivalent 
aromatic cyclic group, wherein at [east one of R 1 , R s and R3 is a carbonyi halide group or a protected carboxyl group 
when X is a hydrogen atom or a hydrocarbon group, and at least one of R 1 ,. R 2 , R 3 and R 4 is a carbonyi halide group 
or a protected carboxyl group when X is R 4 ; an aromatic polyamine represented by following Formula (2a) : 

45 



50 




(2 a) 



wherein Ring Z is a monocyclic or polycyclic aromatic ring; and R 9 and R 10 are each a substituent bound to Ring Z, 
ss may be the same as or different from each other and are each an amino group, a hydroxyl group or a mercapto group; 
and an organic solvent, the adamantanepoiycarboxylie acid derivative and the aromatic polyamine being dissolved in 
the organic solvent. 

[0011] The present invention further provides, in a fourth aspect, a polymer which is a polymerized product of an 
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adamantanepoiycarboxylic acid derivative represented by following Formula (1): 




wherein X is a hydrogen atom, a hydrocarbon group or R 4 ; Ri, R2, R3 and R 4 may be the same as or different from 
one another and are each a carbonyl haiide group or a carboxyi group which may be protected by a protecting group; 
and Y 1 , Y 2 , Y 3 and Y 4 may be the same as or different from one another and are each a single bond or a bivalent 
aromatic cyclic group, wherein at least one of R1, R2 and B s is a carbonyl haiide group ora protected carboxyi group 
when X is a hydrogen atom or a hydrocarbon group, and at least one of R1 , R2, R3 and R+ is a carbonyl haiide group 
or a protected carboxyi group when X is R*; and an aromatic polyamine derivative represented by following Formula (2): 



30 




wherein Ring Z Is a monocyclic or polycycilc aromatic ring; R«, R«, R7 anc j r8 are eacn a SU bstltuent bound to Ring Z, 
R 5 and R 6 may be the same as or different from each other and are each an amino group which may be protected by 

35 a protecting group, and R 7 and R» may be the same as or different from each other and are each an amino group 
which may be protected by a protecting group, a hydroxy! group which may be protected by a protecting group, or a 
mercapto group which may be protected by a protecting group, wherein at least one of R 7 and R 8 Is a protected amino 
group, a protected hydroxy! group or a protected mercapto group when R 5 and R e are both amino groups. 
[0012] The present invention further provides, in a fifth aspect, a polymer which is a polymerized product of an 

40 adamantanepoiycarboxylic acid represented by following Formula (1a): 
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wherein X a is a hydrogen atom, a carboxyi group or a hydrocarbon group; and Y', Y 2 , Y 3 and Y 4 may be the same as 
or different from one another and are each a single bond or a bivalent aromatic cyclic group; and an aromatic polyamine 
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derivative represented by following Formula (2): 



5 




wherein Ring Z is a monocyclic or poiycyctic aromatic ring; R 5 , R 6 , R 7 and R 3 are each a substituent bound to Ring 2, 
R5 and H 6 may be the same as or different from each other and are each an amino group which may be protected by 
a protecting group, and R 7 and R 8 may be the same as or different from each other and are each an amino group 
which may be protected by a protecting group, a hydroxy! group which may be protected by a protecting group, or a 
15 mercapto group which may be protected by a protecting group, wherein at least one of R 7 and R8 is a protected amino • 
group, a protected hydroxyl group or a protected mercapto group when R s and R 6 are both amino groups. 
[0013] The present invention also provides, in a sixth aspect, a polymer which is a polymerized product of an ada- 
mantanepolycarboxylic acid derivative represented by following Formula (1): 




wherein X is a hydrogen atom, a hydrocarbon group or R 4 ; R 1 , R 2 , R 3 and R 4 may be the same as or different from 
33 one another and are each a carbonyl halide group or a carboxyi group which may be protected by a protecting group; 
and Y 1 , Y a , Y 3 and Y 4 may be the same as or different from one another and are each a single bond or a bivalent 
aromatic cyclic group, wherein at least one of R 1 , R 2 and R 3 is a carbonyl halide group or a protected carboxyi group 
when X is a hydrogen atom or a hydrocarbon group, and at least one of R 1 , R 2 , R 3 and R 4 is a carbonyl halide group 
or a protected carboxyi group when X Is R 4 ; and an aromatic polyamine represented by following Formula (2a) ; 

40 



45 




(2a) 



so wherein Ring Z is a monocyclic or polycyclic aromatic ring; and R 9 and R 10 are each a substituent bound to Ring Z, 
may be the same as or different from each other and are each an amino group, a hydroxyl group or a mercapto group. 
[0014] in addition and advantageously, the present invention provides a dielectric film containing any of the polymers. 
[001 5] The materials for dielectric films .of the present invention contain at least one of monomer components as a 
derivative, have significantly Improved solubility in solvents and can form a dielectric film containing a highly crosslinked 

55 polybenzazole with an adamantane skeleton and having a sufficient thickness. By using such a derived monomer 
component, the materials can have increased solubility In various solvents and can form polybenzazole films having 
a wide variety of thickness for supporting various semiconductor manufacturing processes. The dielectric films formed 
by using these materials can have high heat resistance and a low dielectric constant. 
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[0016] Further objects, features and advantages of the present invention will become apparent from the following 
description of the preferred embodiments with reference to the attached drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0017] 

Fig. 1 shows an infrared absorption spectrum of a polymer film prepared in Example 1 . 
10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] The material for dielectric films of the present invention' comprises a poiymerizable composition comprising 
an adamantanepolycarboxylic acid or a derivative thereof and an aromatic poiyamine or a derivative thereof dissolved 
in an organic solvent. 

15 

Adamantanepolycarboxylic Acid and Derivative Thereof 

[001 9] The adamantanepolycarboxylic acids and derivatives thereof represented by Formula (1 ) or (1 a) serve as a 
highly crosslinkable monomer component and constitute the materia! for dielectric films of the present invention. In 

20 these formulae, the hydrocarbon groups in X and X a include, for example, aliphatic hydrocarbon groups, ailcyclic hy- 
drocarbon groups, aromatic hydrocarbon groups, and groups comprising two or more of these groups combined with 
each other. Examples of the aliphatic hydrocarbon groups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, 
t-butyi, pentyl, hexyl, decyl, dodecyl, and other straight- or branched-chain alky! groups each having about 1 to about 
20 carbon atoms, of which those having 1 to 10 carbon atoms are preferred, and those having 1 to 6 carbon atoms 

25 are more preferred; vinyl, allyl, 1 -butenyl, 3-methyl-4-pentenyl, and other straight- or branched-chain alkenyl groups 
each having about 2 to about 20 carbon atoms, of which those having 2 to 1 0 carbon atoms are preferred, and those 
having 2 to 5 carbon atoms are more preferred; ethynyl, propynyi, 1 -butynyl, 2-butynyi, and other straight- or branched- 
chain alkynyl groups each having about 2 to about 20 carbon atoms, of which those having 2 to 10 carbon atoms are 
preferred, and those having 2 to 5 carbon atoms are more preferred. 

w [0020] Examples of the alicyclic hydrocarbon groups are monocyclic alicyclic hydrocarbon groups, such as cycio- 
propyl, cyclobutyl, cyciopenlyi, cyclohexyl, cyclooctyl, and other cycloalkyl groups each having about 3 to about 20 
members, of which those having 3 to 15 members are preferred, and those having 3 to 1 2 members are more preferred; 
cycloprop'enyl, cyclobutenyl, cyclopentenyl, cyclohexenyi, and other cycloalkenyl groups each having about 3 to about 
20 members, of which those having 3 to 15 members are preferred, and those having 3 to 10 members are more 

35 preferred. Examples of the aiicyclic hydrocarbon groups also include bridged hydrocarbon groups each having, for 
example, a bicyclio, tricyclic or tetracyclic hydrocarbon ring such as adamantane ring, perhydroindene ring, decalin 
ring, perhydrofluorene ring, perhydroanthracene ring, perhydrophenanthrene ring, tricyclo[5.2. 1 ,0 2 > 6 ]decane ring, pe- 
rhydroacenaphthene ring, perhydrophenalene ring, norbornane ring, and norbornene ring. Examples of the aromatic 
hydrocarbon groups are phenyl, naphthyl, and other aromatic hydrocarbon groups each having about 6 to about 20 

40 carbon atoms, of which those having 6 to 14 carbon atoms are preferred. 

[0021] Examples of hydrocarbon groups comprising an aliphatic hydrocarbon group and an alicyclic hydrocarbon 
group combined with each other include cyclopentyimethyi, cyeiohexylmethyl, 2-cyciohexylethyl, other C 3 -C 20 cy- 
c!oaikyl-C r C 4 alkyl groups, and other cycloalkyi-alkyl groups. Examples of hydrocarbon groups comprising an aliphatic 
hydrocarbon group and an aromatic hydrocarbon group combined with aach other include C r C 13 aralkyl groups, and 

45 other aralkyl groups; and phenyl or naphthyl group substituted with about one to about fourC 1 -C 4 alkyl groups, and 
other alkyl-substituted aryl groups. 

[0022] These aliphatic hydrocarbon groups, aiicyclic hydrocarbon groups, aromatic hydrocarbon groups, and groups 
comprising these groups combined with each other may each have one or more substituents. Such substituents are 
not specifically limited, as long as they do not adversely affect the reaction and examples thereof Include halogen 

so atoms such as fluorine, chlorine, bromine and iodine atoms; substituted oxy groups including aikoxy groups such as 
methoxy and ethoxy groups, cycloalkyioxy groups, aryloxy. groups, acyloxy groups, and siiyloxy groups: substituted 
oxycarbonyi groups such as alkyloxycarbonyl groups and aryloxycarbony! groups; acyl groups such as acetyl group 
and other aliphatic acy! groups, acetoacetyl group, alicyclic acyl groups, and aromatic acyl groups; aliphatic hydrocar- 
bon groups; alicyclic hydrocarbon groups; aromatic hydrocarbon groups; and heterocyclic groups. 

55 [0023] The adamantanepolycarboxylic acids and derivatives thereof represented by Formula (1 ) or (1 a} are trifunc- 
tlonal adamantane compounds having three functional groups (carboxyl groups or equivalent groups thereto) at the 
1 -, 3- and 5-positions of an adamantane skeleton, respectively, when X or X* is a hydrogen group or a hydrocarbon 
group; and they are tetrafunctionai adamantane compounds having four functional groups (carboxyl groups or equiv- 
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aient groups thereto) at the 1 -, 3-, 5-, and 7-position of the adamantane skeleton, respectively, when X is a carbonyl 
halide group or a carboxyl group which may be protected by a protecting group or when X a is a carboxyl group. 
[0024] in the present invention, X is preferably a hydrogen atom, a C 1 -C e aikyi group , a C 6 -C 14 aromatic hydrocarbon 
group or R 4 , of which R 4 is typically preferred as X for higher crosslinking, since the resulting compound is a tetrafunc- 
5 tlonal adamantane compound. Likewise, X a is preferably a hydrogen atom, a C.,-C 8 alkyl group, a C 8 -C 14 aromatic 
hydrocarbon group or a carboxyl group, of which carboxyl group is typically preferred as X a Tor higher crosslinking, 
since the resulting compound is a tetrafunclional adamantane compound. 

[0025] Examples of the carboxyl-protecting group in R\ R a , R 3 and R 4 in Formula (1) are alkoxy groups including, 
for example, C 1 -C 10 alkoxy groups such as meihoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, s-butoxy, t-butoxy 

10 and hexyloxy groups, and (C,-^ alkoxy) ^g-C-cC^alkoxy groups such as methoxyrnethyloxy and methoxysthoxymeth- 
yloxy groups; cycloalkyloxy groups including, for example, C 2 -C 2a cycloalkyloxy groups such as cyclopentyloxy and 
cyclohexyloxy groups; tetrahydrof uranyloxy group; tetrahydropyranyloxy group; aryloxy groups including, for example, 
C 6 -C 20 aryloxy groups such as phenoxy and methylphenoxy groups; araikyloxy groups including, for example, Cy-C^g 
aralkyioxy groups such as benzyloxy and diphenylmethyloxy groups; trialkylsilyloxy groups including, for example, 

15 tri-C^-C^ alkyl-silyloxy groups such as trimethylsilyloxy and triethylsilyloxy groups; amino groups which may have one 
or more substituenls including, for example, amino group, mono- or di-substituted C,-C 6 alkylamino groups such as 
methylamino, dimethylamino, ethylamino and diethylamino groups, and cyclic amino groups such as pyrrolidino and 
piperidino groups; hydrazino groups which may have one or more substituents, including, for example, hydrazino group, 
N-phenylhydrazino group, alkoxycarbonyihydrazino groups including C 1 -C 10 alkoxycarbonylhydrazino groups such as 

20 t-butoxycarbonyhydrazino group, araikyloxycarbonylhydrazino group including C 7 -C 1B aralkyloxycarbonylhydrazino 
groups such as benzyloxycarbonylhydrazino group; and acyloxy groups including, for example, C r C 10 acyloxy groups 
such as acetoxy and propionyloxy groups. The carboxyl-protecting group is not limited to the above examples, and 
other protecting groups conventionally used in the field of organic synthesis can also be used. 
[0026] Examples of the carbonyl halide groups (haloformyl groups) are carbonyl chloride group, carbonyl bromide 

25 group, carbonyl fluoride group, and carbonyl iodide group. 

[0027] The compounds represented by Formula (1 ) are mono-, di-, tri- or tetra-esters of adamantanepoiycarboxylic 
acids when R 1 , R 2 , R 3 and/or R 4 is, for example, an aikoxycaibonyl group or aryloxycarbonyl group; they are mono-, 
di-, tri- or tetra-amides of adamantanepoiycarboxylic acids when R 1 , R 2 , R 3 and/or R 4 is a carbamoyl group which may 
have a substituent; and they are mono-, di-, tri- or tetra-halides of adamantanepoiycarboxylic acids when R 1 , R a , R 3 

3Q and/or R 4 is a carbonyl halide group. 

[0028] Preferred examples of R 1 , R 2 , R 3 and R 4 are carboxyl group, .C r C 6 aikoxy-carbonyl groups, (CpC,, 
aikoxy) 1 _ a -Ci-C 4 aikoxy-carbonyl groups, N-substituted carbamoyl groups, tetrahydropyranyloxycarbonyi group, tet- 
rahydrof uranyloxycarbonyl group, aryloxycarbonyl groups, trlalkyisllyloxycarbonyl groups, and carbonyl halide groups. 
[0029] Examples of the aromatic ring corresponding to the bivalent aromatic cyclic groups in Y 1 , Y 2 , Y 3 and Y 4 Include 

3s monocyclic or potycyclic aromatic hydrocarbon rings and aromatic heterocyclic rings, An example of the monocyclic 
aromatic hydrocarbon rings is benzene ring. Examples of the polycyclic hydrocarbon rings are naphthalene ring, an- 
thracene ring, phenanthrene ring, phenalene ring, and other rings having a fused ring structure in which two or more 
aromatic rings commonly possess two or more atoms; and biphenyl ring, biphenylene ring, fluorene ring, and other 
rings having a structure in which two or more aromatic rings are bound via a linkage group such as a single bond, or 

40 an alicycllc ring. Examples of the aromatic heterocyclic rings are monocyclic or polycyclic aromatic heterocyclic rings 
containing one or more hetero atoms such as oxygen atom, sulfur atom and nitrogen atom. Specific examples of the 
aromatic heterocyclic rings arefuran ring, thiophene ring, pyridine ring, picoline ring, and other monocycies; qulnoline 
ring, isoquinoline ring, acridine ring, phenazine ring, and other polycycles. These aromatic rings may each have one 
or more substituents. Examples of such substituents are those exemplified as the substituents which the hydrocarbon 

45 group in X may have. 

[0030] Of the adamantanepoiycarboxylic acids and derivatives thereof in the present invention, the trifunctional ad- 
amantane compounds (adamantanetricarboxylic add and derivatives thereof) include compounds wherein all the three 
functional groups are carboxyl groups, compounds wherein one of the three functional groups is a carboxyl group 
protected by a protecting group {hereinafter briefly referred to as "protected carboxyl group") or a carbonyl halide group; 

so compounds wherein two of the functional groups are each a protected carboxyl group or a carbonyl halide group; and 
compounds wherein the three functional groups are each a protected carboxyl group or a carbonyl halide group. 
[0031] Typical examples of the trifunctional adamantane compounds, wherein all the three functional groups are 
carboxyl groups, include 1,3,5-adamantanetricarboxylicacid, 7-methyl-1 ,3,5-adamantanetricarboxylic acid, 7-phenyl- 
1,3,5-adamantanetricarboxyiic acid, 1 ,3,5-tris(4-carboxyphenyl)adamantane, i,3,5-tris(4-carboxyphenyl)-7-methylad- 

55 amantane, and t,3,S-tris{4-carboxyphenyl)-7-phenyladamantane. 

[0032] Typical examples of the trifunctional adamantane compounds, wherein one of the functional groups is a pro- 
tected carboxyl group or a carbonyl halide group, are 1-methoxycarbonyl-3,S-adamantanedlcarboxylic acid, 1-(t~bu- 
toxycarbonyi)-3,5-adamantanedfcarboxylic acid, 1 -tetrahydropyranyl(THP)oxycarbonyI-3,5-adamantanedicarbox ylic 
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acid, 1-phenoxycarbonyl-3,5-adamantanedicarboxylic acid, 1-methoxymethyl(MEM)oxycarbony!-3,5-adamantanedi- 
carboxylicacld, 1-trimethytsiiyl(TMS)oxycarbonyi-3 ( 5-adamantanedicart)oxyli c acid, 1 ,3-dicarboxy-5-adamantanecar- 
bonyl chloride, 1-dlethylcarbamoyl-3,5-adarnantanedicarboxylic acid, 1-pyrrolidlnyIcarbonyl-3,5-adamantanedicarbo- 
xylic acid, and 1 ,3-bis(4-carboxyphenyi)-5-(4-metoxycarbonylphenyl)adamant ane. 

s [0033] Typical examples of the trifunctionat adamantane compounds, wherein two of the functional groups are each 
a protected carboxyl group or a carbonyl halide group, are 1 ,3-bis(methoxycarbonyl)-5-adarnantanemonocarboxyIic 
acid, 1 ,3-bis(t-butoxycarbonyl)-5-adamantanemonocarboxy!ic acid, 1 ,3-bis(telrahydropyranyl(THP)oxycarbonyl)- 
5-adamantanemon ocarboxylic acid, 1,3-bis(phenoxycarbony!)-5-adamantanemonocarboxylic acid, 1 ,3-bis(meth- 
oxymethyl(MEM)oxycarbonyl)-5-adamantanemonocar boxyiic acid, 1 ,3-bis(trimethylsilyi(TMS)oxycarbonyl)-5-ada- 

10 mantanemonoca rboxylic acid, 1 -carboxy-3,5-adarnantanedicarbonyl diohloride, 1 ,3-bls(diethylcarbarnoyl)-5-adaman- 
tanemonocaiboxylic acid, 1,3-bis(1-pyrrolldlnylcarbonyl)-5-adamantanetnonocarboxyllc acid, and 1 -(4-carboxyphe- 
nyl)-3,5-bls(4-methoxycarbonylphenyl)-adama ntane. 

[0034] Typical examples of the Afunctional adamantane compounds, wherein all the tree functional groups are each 
a protected carboxyl group or a carbonyl haiide group, are 1 ,3 1 5-tris(methoxycarbonyl)adamantane, 1 ,3,5-tris(t-butox- 
is ycarbonyl)adamantane, 1,3,5-tris{tetrahydropyranyl(THP)oxycarbonyl)adamantane, 1 ,3,5-tris(phenoxycarbonyl)ada- 
mantane, 1 ; 3,5-tris(methoxymethyi(IWEM)oxycarbonyl)adamantane, 1 ,3,6-tris{trimethylsilyl(TUS)oxycarbonyl)ada- 
mantane, 1 ,3,5-adamantanetricarbonyl trichloride, 1,3,5-tris(diethylcarbBmoyl)adamantane, 1,3,5-tris(1-pyrrolidinyi- 
carbonyl)adamantane, and 1 ,3,5-tris(4-methoxycarbonylphenyl)adamantane. 

[0035] Of adamantanepolycarboxyilc acid and derivatives thereof for use in the present invention, tetrafunctionai 

20 adamantane compounds (adamantanetetracarboxylic acid and derivatives thereof) include compounds wherein alt the 
four functional groups are carboxyl groups, compounds wherein one of the functional groups is a protected carboxyl 
group or a carbonyl halide group, compounds wherein two of the functional groups are each a protected carboxyl group 
or a carbonyl halide group, compounds in which three of the functional groups are each a protected carboxyl group or 
a carbonyl halide group, and compounds in which all the four -Functional groups are each a protected carboxyl group 

25 or a carbonyl halide group. 

[0036] Typical examples of the tetrafunctionai groups, wherein all the four functional groups are carboxyl groups, 
are 1,3,5, 7-adamantanetetracarboxy lie acid and 1,3,5,7-tetrakis(4-cart>oxyphenyl)adamantane. 
[0037] Typical examples of the tetrafunctionai adamantane compounds, wherein one of the functional groups is a 
protected carboxyl group or a carbonyl halide group, are 1-methoxycarbonyl-3,5,7-adamantanetricarboxylic acid, 1 -(t- 

30 butoxycarbony!)-3,5,7-adamantanetricarboxylic acid, 1-tetrahydropyranyl(THP)oxycarbonyl-3,5,7-adamantanetricar 
boxyfic add, 1-phenoxycarbonyt-3,5,7-adamantanetricarboxylic acid, 1-methoxymethyl(MEM)oxycarbonyl-3,5,7-ada- 
mantanetricarboxy lie acid, 1-trimethylsllyl(JMS)oxycarbonyl-3,5,7-adamantanetricarbox yllc acid, 1 ,3,5-tricarboxy- 
7-adamantanecarbonyl chloride, 1-dlethylcarbamoyl-3,5,7-adamantanetricarboxyllc acid, f-(l-pyrrolidlnylcarbonyi)- 
3,5,7-adamantanetricarboxylic acid, and 1 ,3,5-tris(4-carboxyphenyl)-7-(4-methoxycarbonylphenyl)ada mantane. 

35 [0038] Typical examples of the tetrafunctionai adamantane compounds, wherein two of the functional groups are 
each a protected carboxyl group or a carbonyl halide group, are 1 ,3-bis(methoxycarbonyl)-5,7-adamantanedicarboxylic 
acid, 1 ,3-bis(t-butoxycarbonyl)-5,7-adamantanedicarboxylic acid, 1 ,3-bis(tetrahydropyranyl(THP)oxycarbonyl)- 
5,7-adamantaned icarboxylic acid, 1 ,3-bis(phenoxycarbonyl)-5,7-adamantanedlcarboxylic acid, 1,3-bis(methoxyme- 
thyl(MEM)oxycarbonyl)-5,7-adamantanedicar boxyiic acid, 1 ,3-bis(trimethylsllyl(TMS)oxycarbonyl>-5,7-adaman- 

40 tanedica rboxylic acid, 1 ,3-d!carboxy-5,7-adamantanedicarbonyl dichloride, 1 ,3-bis(dlethylcarbamoyi)-5,7-adaman- 
tanedicarboxyilc acid, 1 ,3-bis(1 -pyrrolidinylcarbonyl)-5,7-adamantanedicarboxylic acid, and 1 ,3-bis(4-carboxyphenyl)- 
5,7-bis{4-mefhoxycarbonylphenyl)a damantane. 

[0039] Typical examples of the tetrafunctionai adamantane compounds, wherein three of the functional groups are 
each a protected carboxyl group or a carbonyl halide group, are 1 ,3,5-tris(methoxycarbonyt)-7-adamantanemonocar- 

*5 boxyiic acid, 1,3,5-tris(t-butoxycarbonyl)-7-adamantanemonocarboxylic acid, 1,3,5-tris(tetrahydropyrany!(THP)oxy- 
carbonyi)-7-adamantane monocarboxylic acid, 1 ,3,5-tris(phenoxycarbonyl}-7-adamantanemonocarboxylic acid, 
1,3,5-tris(methoxymethyl(MEM)oxycarbonyl)-7-adamantanemono carboxylic acid, 1 ,3,5-tris(trimethylsilyi(TMS)oxy- 
carbonyl)-7-adamantanemon ocarboxylic acid. 1-carboxy-3,5,7-adamantanetricarbonyl trichloride, 1 ,3,5-tris(diethyl- 
carbamoyl)-7-adamantanemonocarboxylic acid, 1 ^,5-tr!s(1 -pyrrolldlnylcarbonyl)-7-adamantanemonocarboxy lie acid, 

so and 1 -{4-carboxyphenyl)-3,5,7-tris(4-methoxycarbonylphenyl)ada mantane. 

[0040] Typical examples of the tetrafunctionai adamantane compounds, wherein ail the four functional groups are 
each a protected carboxyl group or a carbonyl halide group, are 1,3,5,7-tetrakis(methoxycarbonyI)adamantane, 
1 ,3,5,7-tetrakis(t-butoxycarbonyl)adamantane, 1 ,3,5,7-tetrakis(tetrahydropyranyl<THP)oxycarbonyl)adamant ane, 
1,3,5,7-tetrakis{phenoxycarbonyl)adamantane. 1,3,5,7-tetrakis(methoxymethyl(MEM)oxycarbonyl)adamantane, 

55 1 ,3,5,7-tetrakis(trimethylsilyl(TMS)oxycarbonyl)adamantane, 1 ,3,5,7-adamantanetetracarbonyl tetrachloride, 
1 ,3,5,7-tetrakis(diethylearbamoyl)adamantane, 1 ,3,5,7-tetrakis{1-pyrroiidinyicarbonyl)adamantane, and 1 ,3,5,7-tet- 
rakis(4-methoxycarbony!phenyl)adarnantane. 

[0041] Each of these adamantanepolycarboxyilc acids and adamantanepolycarboxyiic acid derivatives can be used 
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alone or In combination, respectively. 

[0042] The adamantanepolycarboxylic acids represented by Formula (1 a) can be prepared according to a known or 
conventional procedure not specifically limited. For example, an adamantanepolycarboxylic acid of Formula (1a), 
wherein Y 1 , Y 2 , Y 3 and Y 4 are aromatic rings, can be prepared by the following process. An aromatic compound 

s corresponding to Y 1 , Y 2 , Y 3 and Y 4 is reacted with 1,3,5,7-tetrabromoadamantane by catalysis of AICI 3 to form 
1 ,3,5,7-tetra-aromatic-ring-adamantane; for example, the para-position of the 1 ,3,5,7-tetra-aromalic-ring adamantane 
is iodized with iodine; and the resulting 1 ,3,5,7-tetrakis(iodized aromatic ring-substltuted)adamaniane is carboxytated 
in the presence of carbon dioxide by catalysis of, for example, sec-butylllthium, to yield the target compound. 
[0043] The adamantanepolycarboxylic acid derivatives represented by Formula (1) can be prepared by any process 

10 not specifically limited, using a known organio synthesis reaction. 

[0O44] Of the adamantanepolycarboxylic acid derivatives represented by Formula (1), adamantanepolycarboxylic 
esters can be prepared according to a conventional method for producing carboxylic esters using a carboxylic acid as 
a raw material, described in, for example, "Experimental Chemistry, New Ed. , 14, Syntheses and Reactions of Organic 
Compounds II" (Maruzen Co., Ltd., Tokyo) or "Protective Groups in Organic Synthesis" (John Wiley & Sons, Inc. NJ). 

is To prepare adamantanepolycarboxylic esters, for example, (i) a reaction between an adamantanepolycarboxylic acid 
and an alcohol, (ii) a reaction between an adamantanepolycarboxylic acid and an alcohol ester, (ill) a reaction between 
an adamantanepolycarboxylic acid and an alkene or alkyne, (iv) a reaction between an adamantanepolycarboxylic 
acid and an O-alkylating agent, or (v) a reaction between adamantanepolycarboxylic acid halide and an alcohol can 
be used. 

so [0045] Using the reaction (i) between an adamantanepolycarboxylic acid and an alcohol, a target adamantanepoly- 
carboxylic estercan be prepared, for example, by dehydrating the adamantanepolycarboxylic acid and a corresponding 
aicohol or phenol at room temperature or at an elevated temperature. This reaction can be performed in the presence 
of an acid catalyst. Examples of the acid catalyst are sulfuric acid, hydrochloric acid, and other inorganic acids; p- 
toluenesulfonic acid, methanesulfom'c acid, and other organic acids; boron fluoride-ether complex, and other Lewis 

ss acids; acidic ion-exchange resins, and other resins. The material compounds can be dehydrated, for example, by 
separating water with a Dean-Stark water separator using a solvent such as toluene; by refluxing a solvent in a Soxhlet 
extractor containing a desiccating agent such as anhydrous magnesium sulfate or a molecular sieve; or adding a 
dehydrating agent such as dicyclohexyicarbodiimide (DCC) to the reaction system. 

[0046] Using the reaction (ii) between an adamantanepolycarboxylic acid and an alcohol ester, a target adaman- 

so tanepolycarboxylic ester can be prepared, for example, by transesterifying an adamantanepolycarboxylic acid and a 
corresponding alcohol ester at room temperature or at an elevated temperature. This reaction can be performed in the 
presence of an acid catalyst and/or a transesteriflcation catalyst. Those exemplified as the acid catalyst in the reaction 
(I) can be used herein. A by-produced carboxylic acid can be removed, for example, by refluxing a solvent In the 
presence of a molecular sieve using a Dean-Stark water separator or a Soxhlet extractor. 

35 [0047] Using Ihe reaction (Hi) between an adamantanepolycarboxylic acid and an alkene or alkyne, a target ada- 
mantanepolycarboxylic ester can be prepared, for example, by reacting the adamantanepolycarboxylic acid with the 
alkene or alkyne in the presence of an acid catalyst at room temperature or at an elevated temperature. Those exem- 
plified as the acid catalyst in the reaction (i) can be used herein. For example, by using isobutene as the alkene, a t- 
butyl ester of adamantanepolycarboxylic acid can be easily prepared. Likewise, by using dihydropyran, a tetrahydro- 

<*0 pyranyl ester of adamantanepolycarboxylic acid can be easily prepared. 

[0048] Using the reaction (iv) between an adamantanepolycarboxyiic acid and an O-alkylating agent, a target ada- 
mantanepolycarboxylic ester can be prepared, for example, by reacting an adamantanepolycarboxylic acid and a cor- 
responding O-alkylating agent at room temperature or at an elevated temperature. For example, by using dlazomethane 
as the O-alkylating agent, a methyl ester of adamantanepolycarboxylic acid can be easily prepared. Likewise, by using 

■is a methoxyethoxymethyi halide, a methoxyefhoxymethyi ester of adamantanepolycarboxylic acid can be easily pre- 
pared. 

[0049] Using the reaction (v) between an adamantanepolycarboxylic acid halide and an alcohol, a target adaman- 
tanepolycarboxylic ester can be prepared, for example, by reacting the adamantanepolycarboxylic acid halide and an 
alcohol at room temperature or at an elevated temperature. A base such as pyridine or triethylamf ne can be incorporated 

so in the reaction system to trap a generated hydrogen halide. An alkoxide prepared by reacting an alcohol with, for 
example, sodium or an alkyllithium can also be used as the aicohol. The adamantanepolycarboxylic acid halide can 
be prepared, for example, by haiogenating a corresponding adamantanepolycarboxylic acid with thionyl chloride, phos- 
gene, phosphorus trichloride or benzoyl chloride. By using the reaction (v), adamantanepolycarboxylic esters which 
are unstable against acids, such as t-butyl ester of adamantanepolycarboxylic acid, can be easily prepared. 

55 [0050] The adamantanepolycarboxyiic amides can be prepared according to a conventional method for producing 
carboxylic amides using a carboxylic acid as a raw material described in, for example, "Experimental Chemistry, New 
Ed., 14, Syntheses and Reactions of Organic Compounds II" (Maruzen Co., Ltd., Tokyo) or "Protective Groups in 
Organic Synthesis" (John Wiley & Sons, Inc. NJ). More specifically, the adamantanecarboxyllc amides can be prepared, 
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for example, by using a reaction between an adamantanepolycarboxylic acid and an amine or ammonia, or a reaction 
between an adamantanepolycarboxylic acid halide and an amine. 

[0051] Using the reaction between an adamantanepolycarboxylic acid and an amine or ammonia, a target adaman- 
tanepolycarboxylic amide can be prepared, for example, by dehydrating the adamantanepolycarboxylic acid and a 
s corresponding amine or ammonia at room temperature or at an elevated temperature. The dehydration can be per- 
formed according to the dehydration procedures exemplified in the reaction (i). 

[0052] Using the reaction between an adamantanepolycarboxylic acid halide and an amine, a target adamanlanep- 
oiycarboxy lie amide can be prepared, for example, by reacting the adamantanepolycarboxylic acid halide and an amine 
at room temperature or at an elevated temperature. A generated hydrogen halide may be trapped by incorporating a 

10 base such as pyridine or triethylamine into the reaction system or by using the material amine In excess. Lithium amide 
which has been prepared by reacting an amine with, for example, an alkyllithium can also be used as the amine. The 
Schotten-Baumann method, in which an acid halide is added dropwise to a mixture of an amine and an alkaline aqueous 
solution, or a method in which the reaction is performed in a dual-layer system comprising an organic solvent and 
water, can be employed. The adamantanepolycarboxylic acid halide can be prepared according to the procedure de- 

15 scribed in the reaction (v). 

Aromatic Polyamines and Derivatives Thereof 

[0053] The aromatic polyamines and derivative thereof represented by Formula (2) or (2a) serve as a monomer 

zo component constituting the material for dielectric films of the present invention, in addition to the adamantanepolycar- 
boxylic acids and derivatives thereof. The aromatic ring in Ring Z in the formulae includes monocyclic or polycyclic 
aromatic hydrocarbon rings and aromatic heterocyclic rings. An example of the monocyclic aromatic hydrocarbon rings 
is benzene ring. Examples of the polycyclic hydrocarbon rings are naphthalene ring, anthracene ring, phenanthrene 
ring, phenalene ring, and other rings having a fused ring structure in which two or more aromatic rings commonly 

25 possess two or more atoms; and biphenyl ring, biphenylene ring, fluorene ring, and other rings having a structure in 
which two or more aromatic rings are bound via a linkage group such as a single bond, or an alicyclic ring. Examples 
of the aromatic heterocyclic rings are monocyclic or polycyclic aromatic heterocyclic rings containing one or more 
hatero atoms such as oxygen atom, sulfur atom and nitrogen atom. Specific examples of the aromatic heterocyclic 
rings are f uran ring, thiophene ring, pyridine ring, picoline ring, and other monocycles; quinoline ring, isoquinoline ring, 

30 acridine ring, phenazine ring, and other polycycles. Each of these aromatic rings may have one or more substituents. 
Such substituents are not specifically limited, as long as they do not adversely affect the reaction. Typical examples 
of the substituents are halogen atoms such as bromine, chlorine, and fluorine atoms; aliphatic hydrocarbon groups 
such as methyl, ethyl, propyl, butyl, t-butyl, and other C r C 9 alky! groups; alicyclic hydrocarbon groups such as cy- 
clohexyl, and other cycloalkyi groups having about 3 to about 15 members; aromatic hydrocarbon groups such as 

35 phenyl, benzyl, naphthyl, toluyl group, and other aromatic hydrocarbon groups having about 6 to about 20 carbon 
atoms, of which those having 6 to 14 carbon atoms are preferred. 

[0054] Examples of the amino-protecting group in R 5 and R 8 in Formula (2) are acyl groups such as formyl, acetyl, 
propionyl, butyryl, isobutyryi, valeryl, pivaloyl, and other CpC 6 aliphatic acyl groups, and benzoyl, naphthoyl, and other 
aromatic acyl group having about 8 to about 20 carbon atoms; alkoxycarbonyl groups such as methoxycarbonyl, ethox- 
<*> ycarbonyl, t-butoxycarbonyl and other C r C 4 alkoxy-carbonyl groups; aralkyloxy-carbonyl groups such as benzyfoxy- 
carbonyl, p-methoxybenzyloxycarbonyl, and other C 7 -C 20 aralkyloxy-carbonyl groups; and alkylidene groups such as 
methyiidene, ethytidene, propylidene, isopropyiidene, butylidene, isobutylidnene, pentylidene, cyclopentylidene, hex- 
ylidene, cyclohexylidene, and other aliphatic alkylidene groups, and benzylidene, methylphenylmethylidene, and other 
aromatic alkylidene groups. 

4S [0055] The protected amino groups also include mono-substituted amino groups, as long as they do not adversely 
affect the reaction for the formation of polybenzazoie. Examples of such mono-substituted amino groups are methyl- 
amino group, ethylamino group, propylamino group, butylamino group, t-butylamino group, and other alkyiamino 
groups; cyclohexylamino group and other cycloaikylamino groups; phenyiamino group and other arylamino groups; 
benzylamino group and other aralkylamlno groups. The amino-protecting group is not limited to the above examples, 

so and other protecting groups conventionally used in the field of organic synthesis can also be used. 

[0056] The amino-protecting group in R 7 , R 8 , R 9 and R 10 can be any of those exemplified as the amino-protecting 
groups in R 5 and R 6 . A protecting group capable of protecting plural amino groups {polyfunctional protecting group) 
can also be used as the amino-protecting group. Examples of such polyfunctional protecting groups are carbonyi group, 
oxalyl group and butane-2,3-diylidene group. By using such a poiyfunctional protecting group to protect two of R s , R 6 , 

55 R7 and R 8 , a ring adjacent to Ring Z is formed. Examples of the hydroxyl-protecting group are alkyl groups such as 
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl, and other Gj-Cg alkyl groups; cycloalkyi groups such as 
cyclopentyl, cyciohexyl, and other 3- to- 15-membered cycloalkyi groups; aralkyl groups such as benzyl, and other 
C 7 -C 20 aralkyl groups; substituted methyl groups such as methoxymethyl, benzyloxymethyl, t-butoxymethyl, 2-meth- 
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oxyethoxymethyl, and other substituted methyl groups each having a total of about 2 to about 10 carbon atoms- sub- 
stituted ethyl groups such as 1 -ethoxyethyl and 1-methyH-methoxyethyl groups; acyl groups such as formyl acetyl 
propionyi, buiyryl, isobutyryl, valeryl, pivaloyl, and other C r C 10 aliphatic acyl groups, cyclohexyicarbonyl and other 
C 4 -C 20 aiicyclic acyl groups, and benzoyl, naphthoyl, and other C 7 -C 20 aromatic acyl groups; alkoxycarbonyl groups 
such as methoxycarbonyi, ethoxycarbonyl, t-butoxycarbonyl, and other C r C 4 alkoxy-carbonyl groups; aralkyioxycar- 
bonyl groups such as benzyloxycarbonyl, p-methoxybenzyloxycarbonyl, and other C 7 -C ao aralkyloxy-carbonyl groups. 
The mercaplo-protecting group can be any of groups exemplified as the hydroxyl-protecting groups. 
[0057] The substituents R 7 and H 6 in Ring Z in Formula (2) are preferably positioned at the alpha-position or the 
beta-position with respect to carbon atoms in Ring Z having R* and RS, e.g., amino groups which may be protected 
by a protecting group, respectively. Likewise, the substituents R9 and R*> in Ring Z in Formula (2a) are preferably 
positioned at the alpha-position orthe beta-position with respect to carbon atoms in Ring Z having, e g. -NH, (amino 
group), respectively. 

[0058] For example, by reacting an aromatic polyamine derivative having R 7 (R 8 ) at the alpha-position to a carbon 
atom having H 5 (RS) in Ring Z in Formula (2) [or an aromatic polyamine having R9 (R1°) at the alpha-position to a 
carbon atom having -NH 2 in Ring Z in Formula (2a)] with the adamantanetricarboxylic acid or a derivative thereof, the 
amino-protecting group and/or carboxyl-protecting group is generally removed to form a 5-membered azole ring ' For 
example, an imidazole ring is formed when R 7 is an amino group which may be protected by a protecting group; an 
oxazole ring is formed when R 7 is a hydroxyl group which may be protected by a protecting group; and a thiazole ring 
is formed when R 7 is a mercapto group which may be protected by a protecting group. 

[0059] By reacting ah aromatic polyamine derivative having R 7 (R 8 ) at the beta-position to a carbon atom having R s 
(R 5 ) in Ring Z in Formula (2) [or an aromatic polyamine having PP (Ri°) at the beta-position to a carbon atom having 
-NH 2 in Ring Z in Formula (2a)J with the adamantanetricarboxylic acid or a derivative thereof, the amino-protecting 
group and/or carboxyl-protecting group is generally removed to form a 6-membered nitrogen-containing ring. For ex- 
ample, a hydrodlazine ring is formed when H 7 is an amino group or mono-substituted amino group; an oxazine ring is 
formed when R 7 is a hydroxyl group; and a thiazine ring is formed when R 7 Is a mercapto group. 
[0060] The positions of R 5 and RS in Ring Z in Formula (2), and those of the amino groups in Ring Z in Formula (2a) 
are not specifically limited, as long as these groups can be combined with carboxyl groups in the adamantanepotycar- 
boxyiic acid to form, for example, a 5- or 6-membered ring together with adjacent carbon atoms, and are preferably 
such positions that R s and PP [or the two amino groups] are not adjacent to each other. 

[0061] Examples of the aromatic polyamine derivatives represented by Formula (2) are compounds (A) wherein at 
least one of R 5 , R 8 , R 7 and R 8 is an amino group protected by an alkylidene group (namely, imine derivatives), com- 
pounds (B) wherein at least one of R s , Ffi, R 7 and R 8 is an acylamino group (namely, amide derivatives), compounds 
(C) wherein at least one of rs, rs, r7 and R a is an group protscted by an alkoxycarbonyl group or araikyioxy- 
carbonyi group (namely, carbamic ester derivatives), and compounds (D) wherein at least one of R 5 , H 6 , R 7 and R s is 
a mono-substituted amino group. 

[0062] Typical examples of the aromatic polyamine derivatives (A), (B), (C) and (D) will be illustrated below by taking 
a compound wherein Ring Z is a benzene ring as an example and by taking a compound having four or two protected 
groups as an example. However, the aromatic polyamine derivatives are not specifically limited to these examples. 
[00B3] Typical examples of the compounds (imine derivatives) (A), wherein at least one of R 5 , R« R 7 and R 8 Is an 
amino group protected by an alkylidene group, are compounds represented by the following formulae. 
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[0064] The imine derivatives (A) include, for example, of imine derivatives of Formula (2) wherein R 5 and R 6 are 
each an amino group protected by an alkylidene group, those wherein R 7 and R 8 are each an amino group, such as 
N ! N"-diisopropylldene-1,2,4,5-benzenetetramlne,N,N'"-dilsopropylidene-1,2,4,5-benzenetetramlne, N,N"-dleyclohex- 
ylidene-1 ,2,4,5-benzenetetramine, N,N"'-dtcyciohexylidene-1 ,2,4,5-benzenetetramine, N,N"-dibenzylIdene- 
35 1 ,2,4,5-benzeneletramine, and N,N"'-dlbenzylidene-1 ,2,4,5-benzenetetramine; and ihose wherein R 7 and R s are each 
an amino group protected by an aikylldene group, such as N,N' I N",N'"-tetraisopropylidene-1 ,2,4,5-benzenetetramine, 
N,N',N" l N" , -tetracyciohexylidene-1 ,2,4,5-benzenetetramin e, and N,N',N",N'"-tetrabenzylidene-1 ,2,4,5-benzenete- 
tramine. 

[0065] The imine derivatives (A) also include, of imine derivatives of Formula (2) wherein R s and R e are each an 

40 amino group protected by an alkylidene group, those wherein R 7 and RS are each a mono-substituted amino group, 
such as N,N"-diisopropylidene-N',N"'-dimethyM,2,4,5-benzenetet ramine, N.N'"-diisopropyiidene-N',N"-dimethyl- 
1 ,2,4,5-benzenetst ramine, N,N"-dicyciohoxyiidene-N',N""-dimethyl-1,2,4,5-benzenete tramine, N,N"'-dicyclohexyii- 
dene-N',N"-dimethyl-1,2,4,5-benzenete tramine, N,N"-dibenzylidene-N , ,N , "-dimethyl-1,2,4 l 5 : benzenetetram Ine, N, 
N'"-dibenzylidene-N',N"-dimethyl-1 ,2,4,5-benzenetetram ine, N,N"-diisopropylidene-N',N'"-diph9nyl-1 ,2,4,5-benzene- 

45 tet ramine, N,N'"-diisopropyl!dene-r\! , ,N"-diphenyl-1 ,2,4,5-benzenetet ramine, M,N"-dIcyclohexyiidene-N',N'"-diphenyl- 
1,2,4,5-benzenete tramine, M,N" , -dicyclohexyiidene-N',N"^diphenyl-1,2,4,5-benzenete tramine, N,N"-dibenzyli- 
dene-N',N'"-diphenyl-1 ,2,4,5-benzenetetram ine, and N,N"*-dibenzylidene-N , ,N"-diphenyl-1 ,2,4,5-benzenetetram ins. 
[0066] The imine derivatives (A) also include those wherein R 7 and R 8 are each a hydroxy! group, such as N,N'- 
diisopropylidene-2,5-dihydroxy-1 ,4-benzenediamine, N,N'-dilsopropylidene-2,4-dihydroxy-1 ,5-benzenedtamlne, N,N'- 

50 dicyc!ohexyiidene-2,5-dihydroxy- 1 ,4-benzenediamine, N,N'-dicyclohexylidene-2,4-dihydroxy-1 ,5-benzenediamine, N, 
N'-dibenzyiidene-2, 5-dihydroxy-1 ,4-benzenediamine, and N,N'-dibenzylidene-2,4-dfhydroxy-1 ,5-benzenediamine; 
and those wherein R 7 and R 8 are each a mercapto group, such as N,N'-diisopropylidene-2,5-dimercapto-1 ,4-benzen- 
ediamine, N,N'-dlisopropylidene-2,4-dlmercapto-1,5-benzenediamine, N,N'-dicyclohexylidene-2,5-dimercapto- 
1 ,4-benzenediamine, N,N'-dicyciohexylidene-2,4-dlmercapto-1 ,5-benzenediamine, N,N'-dibenzy!ldene-2,5-dimercap- 

55 to-1,4-benzenediamine, and N,N'-dibenzylidene-2,4-dimercapto-1 ,5-benzenediamine. 

[0067] Examples of the compounds (amide derivatives) (B) wherein at least one of R 5 , R 8 , R 7 and R 7 is an acylamino 
group are compounds represented by the following formulae. 
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[0068] The amide derivatives (B) include, for example, of amide derivatives of Formula (2) wherein R 5 and R e are 
each an acylamino group, those wherein R 7 and R a are each an acylamlno group, such as 1 ,2,4,5-tetrakls(acetamino) 

35 benzene; those wherein R 7 and R 8 are each a mono-substituted amino group, such as 1 ,4-bis(acetamino)-2,5-bis 
(methylamino)benzene, 1 ,5-bis(aoetamino)-2,4-bis(methylamino)benzene, 1 ,4-bls(acetamino)-2,5-bls(phenyiamino) 
benzene, and 1 ,5-bis(acetamino)-2,4-bis(pheny!amino)benzene; those wherein R 7 and R 8 are each a protected hy- 
droxyl group, such as 1 ,4-bis(acetamino)-2,5-diacetoxybenzene, and 1 ,5-bis<acetamino)-2,4-diacetoxybenzene; those 
wherein R 7 and R 8 are each a protected mercapto group, such as 1 ,4-bis(acetamino)-2,5-diacetylthiobenzene and 

40 1 ,5-bis(acetamino)-2,4-diacetylthiobenzene. 

[00G9] Examples of the compounds (carbamic ester derivatives) (C) wherein at least one of R 5 , R s , R 7 and R 8 is an 
amino group protected by an alkoxycarbonyl group or aralkyloxycarbonyl group are compounds represented by the 
following formulae. 
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[0070] The carbamic ester derivatives (C) include, of carbamic ester derivatives of Formula (2) wherein R s and R 6 
are each an amino group protected by an alkoxycarbonyi group, those wherein R 7 and R 8 are each an amino group 
protected by an alkoxycarbonyi group, such as 1,2,4,5-tetrakis(rnethoxycarbonylarni.no}benzene; those wherein R 7 
and R 8 are each a mono-substituted amino group, such as 1 ,4-bis(methoxycarbonylamino)-2,5-bis(methylamino)ben- 

& zene, 1 ,5-bis(methoxycarbonyIamino)-2,4-bis(methylamino)benzene, 1 ,4-bis(methoxycarbonylarnino)-2,5-bis(phe- 
nyiamino)benzene, and 1 ,5-bis(methoxycarbonylamino)-2,4-bis(phenylamino)benzene; those wherein R 7 and R 8 are 
each a protected hydroxy! group, such as 1 ,4-bis(meihoxycarbonylamlno)-2,5-dimethoxycarbonyloxybenz ene and 
1,5-bis(methoxycarbonylamino)-2,4-dimethoxycarbonyloxybenz ene; those wherein R 7 and R 8 are each a protected 
mercapto group, such as 1 ,4-bis(methoxycarbonylamino)-2,5-dimethoxycarbonylthioben zene and 1 ,5-bis(methoxy- 

30 carbonylamino)-2,4-dimethoxycarbonylth!oben zene. 

[0071] Typical examples of compounds (D) wherein at least one of R s , R 6 , R 7 and R 8 is a mono-substituted amino 
group are, of compounds of Formula (2) wherein R 5 and R fl are each a mono-substituted amino group, those wherein 
R 7 and R a are each a mono-substituted amino group, such as 1 ,2,4,5-tetrakls(methylamlno)benzene and 1 ,2,4,5-tet- 
rakis(phenylamlno)benzene; and those wherein R 7 and R 8 are each an amino group, such as 1 ,4-diamlno-2,5-bls 

& (methylamino)benzene, 1,5-diamino-2,4-bis(methylamino)benzene, 1,4-diamino-2,5-bls(phenylamino)benzene, and 
1,5-diamino-2,4-bis(phenylamino)benzerte. 

[0072] The aromatic polyamine derivatives represented by Formula (2) also include compounds wherein at least two 
of R s , R 6 , R 7 and R s are combined to form a ring, such as compounds wherein amino groups in the molecule are 
protected by the protecting group capable of protecting plura! amino groups (polyfunctionai protecting group). Typical 

*> examples of such compounds are a compound corresponding to 1,2,4,5-tetraaminobenzene, except with two oxaiyi 
groups protecting the amino groups thereof [i.e., a compound of Formula (2) wherein Ring Z is a benzene ring; and 
R 5 and R 7 , and R 6 and R 8 are amino groups protected by an oxaiyi group, respectively], a compound corresponding 
to 1 ,2,4,5-tetraaminobenzene, except with two butane-2,3-diylidene groups protecting the aminogroups thereof [i.e., 
a compound of Formula (2) wherein Ring Z is a benzene ring; and R 5 and R 7 and R e and R 8 are amino groups protected 

45 by a butane-2,3-diylidene group, respectively]. 

[0073] Typical examples of the aromatic polyamines represented by Formula (2a) are 1 ,2,4,5-tetraaminobenzene, 

1.4- diamino-2,5-dihydroxybenzene, 1 ,5-diamino-2,4-dihydroxybenzene, 1 ,4-diamino-2,5-dimercaptobenzene, and 

1.5- diamino-2,4-dimercaptoben2ene. 

[0074] Each of these aromatic polyamines and aromatic polyamine derivatives can be used alone or in combination , 
so respectively. 

[0075] The aromatic polyamines and derivatives thereof represented by Formula (2) or (2a) can be prepared accord- 
ing to a known or conventional procadure or by using a known organic synthesis reaction. 

[0076] For example, an amide derivative of an aromatic polyamine can be prepared by a process for introducing a 
protecting group into an amine such as a conventional synthesis method for carboxylic amides using an amine as a 
55 material described in, for example, "Experimental Chemistry, New Ed., 1 4, Syntheses and Reactions of Organic Com- 
pounds H" (Maruzen Co., Ltd., Tokyo) or "Protective Groups in Organic Synthesis" (John Wiley & Sons, Inc. NJ). For 
example, a carboxylic amide of an aromatic poiyamine can be prepared by using a reaction (I) of an aromatic polyamine 
with a carboxylic acid, a reaction (II) with an anhydride of a carboxylic acid or a reaction (III) with a carbonyl halide. 
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[0077] Using the reaction (i) between an aromatic polyamine and a carboxyiic acid, a target carboxylic amide can 
be prepared, for example, by dehydrating the aromatic polyamine and a corresponding carboxylic acid at room tem- 
perature or at an elevated temperature. The material compounds can be dehydrated, for example, by separating water 
with a Dean-Stark water separator using a solvent such as toluene; by refiuxing a solvent in a Soxhlet extractor con- 
5 tainlng a desiccating agent such as anhydrous magnesium sulfate or a molecular sieve; or adding a dehydrating agent 
such as dicyclohexylcarbodiimide (DCC) to the reaction system. 

[0078] Using the reaction (II) between an aromatic polyamine and a carboxylic anhydride, a target carboxylic amide 
can be prepared, for example, by reacting the aromatic polyamine and a corresponding carboxylic anhydride at room 
temperature or at an elevated temperature. This reaction can be performed in the presence of a catalyst. Such catalysts 
10 include acid catalysts such as sulfuric acid, hydrochloric acid, and other inorganic acids; acetic acid, p-toiuenesulfonic 
acid, methanesulfonic acid, and other organic acids, boron fluoride-ether complex and other Lewis acids; acidic ion- 
exchange resins, and other resins, as well as base catalysts such as pyridine, triethyfamine, and N,N-bis(methylamino) 
pyridine. 

[0079] Using the reaction (111) between an aromatic polyamine and a carbonyl haiide, a target carboxyiic amide can 
is be prepared, for example, by reacting the aromatic polyamine and a corresponding carbonyl haiide at room temperature 
or at an elevated temperature. A generated hydrogen haiide may be trapped by incorporating a base such as pyridine 
or triethylamine into the reaction system or by using the material amine in excess. Lithium amide which has been 
prepared by reacting an amine with, forexample, an alkyliithium can also be used as the amine. The Schotten-Baumann 
method, in which an acid haiide is added dropwise to a mixture of an amine and an alkaline aqueous solution, or a 
20 method in which the reaction is performed in a dual-layer system comprising an organic solvent and water, can be 
employed. 

[0080] An imine derivative of an aromatic polyamine can be prepared, for exampie, by a process using an imidization 
reaction using an amine as a material described in "Experimental Chemistry, New Ed., 14, Syntheses and Reactions 
of Organic Compounds III" (Maruzen Co., Ltd., Tokyo) or "Protective Groups In Organic Synthesis" (John Wiley & Sons, 
25 inc. NJ). More specifically, the target imine-type aromatic polyamine can be prepared, for exampie, by dehydrating the 
aromatic polyamine and a corresponding ketone or aldehyde at room temperature or at an elevated temperature. This 
reaction can be performed in the presence of an acid catalyst. Any of the acid catalysts described in the reaction (II) 
and any of dehydration procedures described in the reaction (I) can be used herein. 

so Other Components 

[0081] Thematerial for dielectricfilms (hereinafter may be referredto as "material composition") may further comprise 
other components In addition to the above components. For exampie, the material composition may further comprise 
a catalyst for accelerating the polymerization reaction. Typical examples of the catalyst are sulfuric acid, methanesul- 
fonic acid, p-toluenesulfonic acid, and other acid catalysts. The amount of the catalyst is, lor example, from about 0% 
by mole to about 1 0% by mole, and preferably from about 0% by mole to about 5% by mole relative to the total amount 
of the monomer components (the adamantanepolycarboxylic aoid and aromatic polyamine). The material composition 
may comprise a thickening agent (bodying agent) for increasing the viscosity of the resulting composition as asotution. 
Typical examples of the thickening agent are ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, 
and other alkylene glycols and polyalkylene glycols. The amount of the thickening agent is, for example, from about 
0% by weight to about 20% by weight, and preferably from about 0% by weight to about 1 0% by weight based on the 
total amount of the material composition (coating liquid). The material compositionmay alsocomprise a monocarboxylic 
acid for adjusting the molecular weight of the resulting polymer, ancffor a dicarboxyllc acid for adjusting the degree of 
crosslinking of the polymer. Typical examples of the monocarboxylic acid are adamantaneearboxylic acid, benzoic 
acid, and othermonoearboxylic acids; and methyl adamantanecarboxylate, methyl benzoate, and othermonocarboxyiic 
acid derivatives. Typical examples of the dicarboxylic acid are adamantanedicarboxyiic acid, terephthalic acid, and 
other dicarboxylic acids; and dimethyl adamantanedicarboxylate, dimethyl terephthalate, and other dicarboxyiic acid 
derivatives. The amount of the monocarboxylic acid is, for example, from about 0% by moie to about 10% by mole, 
and preferably from about 0% by mole to about 5% by male relative to the adamantanepolycarboxylic acid. The amount 
of the dicarboxyllc acid is, for example, from about 0% by mole to about 1 00% by mote, and preferably from about o% 
by mole to about 50% by mole relative to the adamantanepolycarboxylic acid. 

[0082] The material composition may contain an adhesion promoter for Increasing the adhesion of the resulting 
dielectric film to a substrate. Typical examples of the adhesion promoter is trimethoxyvlnylsllane, hexamethyidisilazane, 
y-aminopropyltriethoxysilane, and aluminum monoethyiacetoacetate diisopropylate. The amount of the adhesion pro- 
moter is, for example, from about 0% by weight to about 10% by weight, and preferably from about 0% by weight to 
about 5% by weight relative to the total amount of the monomer components. 
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Solvents 

[Q083] Solvents for use in the present invention are not specifically limited, as long as they do not adversely affect 
the cycllzation reaction between the adamantanepolycarboxyllc acid or its derivative (hereinafter briefly referred to as 
" adamantanepolycarboxyllc acid") and the aromatic polyamine or its derivative (hereinafter briefly referred to as "ar- 
omatic poiyamine"). Examples of such solvents are aliphatic hydrocarbons such as hexane, heptane and octane; ali- 
cyclic hydrocarbons such as cyclohexane and methylcyclohexane; aromatic hydrocarbons such as benzene, toluene, 
xylene, ethylbenzene and mesitylene; halogenated hydrocarbons such as dichloromethane, dichloroethane, chloro- 
form and carbon tetrachloride; alcohols such as methanol, ethanol, propanol, butanol and ethylene glycol^ ethers such 
as dioxane, tetrahydrofuran, diethyl etherand propylene glycol monomethyl ether (PGM E); esterssuch as formic esters, 
acetic esters, propionic esters, benzoic esters, -y-butyrolactone and propylene glycol monomethyl ether acetate (PG 
MEA); ketones such as acetone, methyl ethyl ketone, diethyl ketone, methyl isobutyl ketone, cyclopentanone and 
cyciohexanone; carboxyllc acids such as formic acid, acetic acid, propionic acid and butyric acid; aprotic polar solvents 
including nitriles such as acetonitrile, propionitriie and benzonitrile, amides such as formamide, dlmsthylformamicte, 
acetamide, dimethyiacetamide and N-methylpyrrolidone, and sulfoxides such as dimethyl sulfoxide. Each of these 
solvents can be used alone or in combination. 

[0084] The polymerizable composition as the material for dielectric films (material composition) can be prepared 
according to any procedure, as long as the adamantanepoiycarboxylic acid and the aromatic polyamine (monomer 
components) can be completely dissolved in the solvent. For example, it can be prepared by stirring or leaving stand 
a mixture comprising the monomer components, the solvent, and other components. The ratio of the adamantanep- 
oiycarboxylic acid to the aromatic polyamine can be set freely depending on the solubility in the solvent, as long as 
the functions of the resulting dielectric film are not adversely affected. The molar ratio of the adamantanepolycarboxyllc 
acid to the aromatic polyamine is preferably from about 10:90 to about 60:40, and more preferably from about 20:80 
to about 50:50. 

[0085] The total concentration of the adamantanepoiycarboxylic acid and the aromatic polyamine (total monomer 
concentration) in the solvent can be arbitrarily set depending on the solubility in the solvent and is, for example, from 
about 5% by weight to about 70% by weight, and preferably from about 1 0% by weight to about 60% by weight. The 
material for dielectric films of the present invention uses at least one derivative among the adamantane polycarboxylic 
acid and the aromatic polyamine as a monomer component, has increased solubility in a solvent, and contains monomer 
components in a high concentration. A dielectric film formed from the material composition containing the monomer 
components in a high concentration can have an increased thickness, have excellent electric properties and have such 
a thickness that can support various semiconductor fabrication processes. 

[0086] The components may be dissolved In the solvent In any atmosphere such as air atmosphere, as long as the 
aromatic polyamine is not oxidized, but preferably In an atmosphere of inert gas such as nitrogen or argon gas. The 
temperature for dissolution is not specif Icafly limited and, where necessary, the composition may be heated depending 
on the solubility of the monomer components and the boiling point of the solvent. The temperature for dissolution is, 
for example, from about 0°C to 200°C, and preferably from about 10 D C to about 150°C, 

[0087] To form a dielectric film exhibiting high heat resistance due to its high degree of crosslinking, a possible 
material is a polycondensed product (poiybenzazole) of an adamantanepoiycarboxylic acidand an aromatic polyamine. 
However, such a polycondensed poiybenzazole has a high degree of crosslinking, thereby has a low solubility in solvent 
and cannot be significantly used as a materia] for forming a thin dielectric film by coating. In contrast, the material 
composition of the present invention containing the monomer components completely dissolved in the solvent can be 
applied to a substrate as intact as a coating liquid. The applied film is then polymerized to thereby easily form a dielectric 
film comprising a highly crosslinked poiybenzazole. 

[0QB8] The dielectric film of the present invention comprises a polymer (high-molecular-weight crosslinked product) 
formed from the adamantanepoiycarboxylic acid and the aromatic polyamine. The dielectric film can be prepared, for 
example, by applying the polymerizable material composition to a substrate and polymerizing the applied film by heat- 
ing. Examples of the substrate are silicon wafers, metal substrates, and ceramic substrates. The material composition 
can be applied according to a conventional procedure not specifically limited, such as spin coating, dip coating or spray 
coating. 

[0089] The heating can be performed at any temperature, as long as the polymerizable components can be polym- 
erized, and is performed at a temperature, for example, from about 100°G to about 500°C, and preferably from about 
150-C to about 450°C at aconstanttemperature orwith astepwise temperature gradient. The heating can be performed 
in any atmosphere such as air atmosphere, as long as the properties of the resulting thin fiim are not adversely affected, 
but preferably in an atmosphere of inert gas such as nitrogen or argon gas, or In vacuo. 

[0090] As a result of heating, the poiycondensation reaction between the adamantanepoiycarboxylic acid and the 
aromatic polyamine in the material composition proceeds generally along with deprotection of the carboxyl-protecting 
groups and/or amino-protecting groups to form a poiybenzazoie (Imidazole, oxazole orthiazoie) having an adamantane 
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skeleton as a polymer (high-molecuiar-weight crosslinked product). 

[0091] The dielectric film comprises a polymer formed from the material composition and has an adamantane ring, 
aromatic ring, and thiazole ring or 6-membered nitrogen-containing ring (a ring formed in a poiycondensed moiety) as 
main constitutional units. For example, by using an adamantanepolycarboxylic acid having three functional groups, a 

s highly crosslinked polymerlilm can be formed, in which the adamantane compound having a three-dimensional struc- 
ture and the aromatic poiyamine having a two-dimensional structure are combined to form a structure having crosslinks 
in three directions with the adamantane skeleton as vertexes (crossilnking points). That is, the film has a unit in which 
three hexagons commonly possess two vertexes or two sides. By using an adamantanepolycarboxylic acid having four 
functional groups, a net polymer film can be formed, in which crosslinks are formed in four directions with the adaman- 

10 tane skeleton as vertexes (crossiinking points) . That is, the film has a unit in which three hexagons commonly possess 
two sides. Thus, the dielectric flim involves a multitude of uniformly dispersed molecular-scale voids and can have a 
satisfactorily low relative dielectric constant. 

[0092] The thickness of the dielectric film formed by heating is, for example, about 50 nm or more {e.g., from about 
50 to about 2000 nm), preferably about 100 nm or more (e.g., from about 1 00 to about 2000 nm), and more preferably 

15 about 300 nm or more (e.g., from about 300 to about 2000 nm). Using the material composition, a coating liquid con- 
taining the monomer components in a high concentration can be prepared to thereby form a film having the aforemen- 
tioned thickness even it is a dielectric film comprising a poiybenzazole. If the thickness is less than about 60 nm, teak 
current may occur, electric properties may be adversely affected, or the resulting film may not be satisfactorily 
smoothened by chemical-mechanical polishing (CMP) in a semiconductor fabrication process. Accordingly, such a film 

20 having an excessively small thickness is not suitable as an interlayer dielectric. 

[0093] The dielectric films of the present invention can have a low dielectric constant and high heat resistance, are 
usable, for example, as a dielectric coating in electronic material parts such as semiconductor devices and are partic- 
ularly useful as an interlayer dielectric. 

[0094] The present invention will be illustrated In further detail with reference to several examples and comparative 
25 examples below, which are not intended to limit the scope of the invention. The symbols "s", "m" and "w" in infrared 
absorption spectral data mean absorption intensity of a wavelength indicated prior to each symbol, and means that 
the absorption is "strong", "medium" or "weak", respectively. The thickness of polymer films was determined with an 
eilipsometer. 

[0095] Preparation Example 1 : Preparation of trimetftyl ester of 1 ,3,5-adamantanetricarboxyiic acid 

30 
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[0096] In a 200-ml flask equipped with a stirrer, a condenser and a thermometer were placed 26.8 g (100 mmol) of 
40 1 ,3,5-adamantanetricarboxylio acid, 1 00 ml of methanol and 0.49 g {5 mmol) of sulfuric acid, followed by heating under 
reflux in a nitrogen atmosphere for 3 hours. After cooling to room temperature, methanol was removed under reduced 
pressure, and the reaction mixture was dissolved in ethyl acetate. The solution was washed with 1 0% aqueous solution 
of sodium carbonate and water to remove a residual acid component. Ethyl acetate was removed from the ethyl acetate 
solution under reduced pressure to yield 27.3 g (88 mmol) of trimethyl ester of 1 ,3,5-adamantanetricarboxylic acid in 
45 a yield of 88%. 

[NMR Spectral OataJ 

[0097] 1 H-NMR (CDCy 8 (ppm): 1 .84 (m, 6H), 2.01 (m, 6H), 2.30 (m, 1H), 3.65 (m, 9H) 
50 [0098] 13 C-NMR (CDCy 8 (ppm): 27.86, 37.06, 39.11 , 41 .28, 51 .91 , 1 76.40 
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Preparation Example 2: Preparation of 1 ,3,5-adamantanetricarbonyl trichloride 
[0099] 



10 




[01 00] in a 200-ml flask equipped with a stirrer, a condenser, a thermometer and an acidic gas trap were placed and 
15 stirred 26.8 g (100 mmot) of 1 ,3,5-adamantanetricarboxylic acid and 59.5 g (500 mmol) of thionyl chloride. To the 
mixture was added dropwise 0.37 g (5 mmol) of dimethylformamide (DMF) at room temperature, and the mixture was 
gradually heated and stirred at 70°C in a nitrogen atmosphere for 3 hours. After cooling to room temperature, the 
residual thionyl chloride and DMF were removed under reduced pressure, to yield 31 .4 g (97 mmol) of 1 ,3,5-adaman- 
tanetricarbonyl trichloride in a yield of 97%. 

20 

[NMR Spectral Data] 

[0101] 1H-NMFS (CDCI 3 ) S (ppm): 1 .74 (m, 6H). 1.95 (m, 8H), 2.33 (m, 1H) 
[0102] "C-NMR (CDCy S (ppm): 27.70, 36.52, 39.89, 51.21, 178.63 

25 

Preparation Example 3: Preparation of tri-tert-butyl ester of 1 ,3,5-adamantanetricarboxylic acid 
[0103] 



35 




[01 04] In a 500-ml flask equipped with a stirrer, a thermometer and a dropping funnel were placed 32.6 g (340 mmol) 
*o of sodium tert-butoxide and 1 40 ml of toluene. To the stirred mixture under Ice-cooling in a nilrogen atmosphere, 31 .4 
g (97 mmol) of 1 ,3,5-adamantanetrlcarbonyl trichloride in 1 90 ml of toluene was added dropwise over 1 hour. This was 
wanned to room temperature, was stirred for further 1 hour and was washed with water, followed by removal of the 
solvent under reduced pressure. The residue was mixed with methanol and was further mixed with water with stirring 
under ice-cooling, to yield crystals of the target compound. The crystals were collected by filtration through a Nutsche 
45 funnel, were rinsed with a mixture of distilled water and methanol and were dried, to yield 38. 1 g (87 mmol) of tri-tert- 
butyl ester of 1 ,3,5-adamantanetricarboxylic acid in a yield of 90%. 

[NMR Spectral Data] 

SO [0105] 1 H-NMR (CDCy 5 (ppm): 1 .43 (s, 27H), 1 .85 (m, 6H), 2.03 (m, 6H), 2.31 (m, 1 H) 
[0106] «C-NMR (CDCy 8 (ppm): 27.90, 28.02, 37.11, 39.16, 41.32, 79.73, 176.44 
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Preparation Example 4: Preparation of tris(methoxyethyl) ester of 1 ,3,5-adamantanetrlcarboxyifc acid 
[0107] 




[0108] In a 500-ml fiask equipped with a stirrer, a thermometer and a dropping funnel were placed 36.9 g (48S mmol) 
of 2-methoxyethanoi, 38.4 g (485 mmol) of pyridine and 140 ml of toluene. To the stirred mixture under ice-cooling in 
a nitrogen atmosphere, 31 .4 g (97 mmol) of 1 ,3,5-adamantanetricarbonyl trichloride in 190 ml of toluene was added 
dropwise over 1 hour. This was warmed to room temperature, was stirred forf urther 1 hour and was washed with water, 
1 N hydrochloric acid, and 10% aqueous sodium carbonate solution, and the solvent was removed under reduced 
pressure, to yield 38.5 g (87 mmol) of tris(methoxyethyl) ester of 1 ,3,5-adamantanetricarboxylic acid in a yield of 90%, 

[NMR Spectral Data] 

[0109] 1H-NMR (CDCI 3 ) 8 (ppm): 1 .86 (m, 6H), 2.05 (m, 6H), 2.30 (m, 1 H), 3.38 (s, 9H), 3.59 (m, 6H), 4.23 (m, 6H) 
[0110] 13 C-NMR (CDCl 3 ) 8 (ppm): 27.84, 36.97, 38.93, 41 .33, 58.97, 63.64, 70.39, 175.90 

Preparation Example 5: Preparation of l,3,5-tris.(1-pyrrolidinylcarbonyl)adamantane 
[0111] 



CIOC 




[01 12] In a 500-ml flask equipped with a stirrer, a thermometer and a dropping funnel were placed 34.5 g (485 mmol) 
of pyrrolidine, 38.4 g (485 mmol) of pyridine and 1 40 mi of methylene chioride. To the stirred mixture under ice-cooiing 
in a nitrogen atmosphere, 31 .4 g (97 mmol) of 1 ,3,5-adamantanetricarbonyl trichloride in 1 90 ml of methylene chloride 
was added dropwise over 1 hour. This was warmed to room temperature, was stirred for further 1 hour and was washed 
with water, I N hydrochloric acid, and 10% aqueous sodium carbonate solution, and the solvent was removed under 
reduced pressure, to yield 37.2 g (87 mmol) of 1 ,3,5-tris(1-pyrrolidinylcarbonyl)adamantane in a yield of 90%. 
[01 13] Infrared absorption spectral data (cm' 1 ): 

2900, 1620, 1450, 1370, 1160, 1050 

MS: 428 (M+H) 
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Preparation Example 6: Preparation of 1,3,5-adamantanetricarboxylic acid N,N-dielhy!amide [1,3, S-tris(N,N- 
diethylcarbamoy!)adamantane] 

[0114] 



10 




[01 15] In a 500-mi flask equipped with a stirrer, a thermometer and a dropping funnel were placed 35.5 g (485 mmol) 
15 of diethylamide, 38.4 g (485 mmol) of pyridine and 140 mi of methylene chloride. To the stirred mixture under ice- 
cooling in a nitrogen atmosphere, 31 .4 g (97 mmoi) of 1 ,3,5-adamantenetricarbonyi trichloride in 1 90 ml of methylene 
chloride was added dropwise over 1 hour. This was warnied to room temperature, was stirred for further 1 hour and 
was washed with water, 1 N hydrochloric acid, and 10% aqueous sodium carbonate soiution, and the solvent was 
removed under reduced pressure, to yieid 35.8 g (82 mmot) of 1 ,3,5-adamantanetricarboxylic acid N,N-diethylamide 
so in a yieid of 85%. 

[0116] Infrared absorption spectral data (cm -1 ): 
2900,1620,1450,1370,1160,1050 
MS: 434 (M+H) 

25 Preparation Example 7: Preparation of 3,3'-diaminDbenzldine teiracyclohexanimine [N,N , ,N",N u '-tetracyctohexy1idene- 
3,4,3',4'-biphenyltetr amine] 

[0117] 
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40 [0118] In a 200-mi flask: equipped with a stirrer, a condenser and a thermometer were placed 21 .4 g (100 mmol) of 
3,3'-diaminobenzidine and 1 00 ml of cyclohexanone, followed by heating with stirring at 60°C in a nitrogen atmosphere 
for 2 hours. After cooling to room temperature, cyclohexanone was removed under reduced pressure. The residue 
was purified by silica gel chromatography, to yield 48.1 g (90 mmol) of the target 3,3'-diaminobenzidine tetracyclohex- 
animine [N,N',N",N" , -tetracyclohexytidene-3,4,3',4'-biphenyltetr amine] in a yield of 90%. 

*S [0119] Infrared absorption spectral data (cm- 1 ): 
1636 (C=N) 

MS:535(M+H),491,453 
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Preparation Example 8: Preparation of 3,3'-diaminobenzidine tetraisopropanimine fN,N* I Nf , ,N"'-tetraisopropylidene- 
3,4,3',4'-biphenyltetra mine] 

[0120] 



w 




75 

[0121] In a 200-ml flask equipped with a Soxhlet extractor including molecular sieves 4A as a dehydrating agent, a 
stirrer, a condenser and a thermometer were placed 21.4 g (100 mmol) of 3,3'-diaminobenzidine, 100 ml of acetone 
and 0.95 g (5 mmol) of p-toluenesulfonic acid monohydrate, followed by heating under reflux in a nitrogen atmosphere 
for 3 hours. After cooiing to room temperature, acetone was removed under reduced pressure, and the residue was 

20 dissolved in ethyl acetate. The solution was washed with water and 1 0% aqueous sodium carbonate solution to remove 
a residual acid component. Ethyl acetate was removed from the solution under reduced pressure, and the residue was 
purified by silica gel chromatography to yield 28.5 g (76 mmol) of the target 3,3'-diamlnobenzidine tetraisopropanimine 
[N,N' l N" 1 N'"-tetraisopropylidene-3,4,3',4'-biphenyltetramine] in a yield of 76%. 
[01 22] infrared absorption spectra! data (cnr 1 ): 

25 1627 (C=N) 

MS: 375 (M+H), 359, 333, 324 

Preparation Example 9: Preparation of 3,3'-d!aminobenzidine monoisopropanimine [N'-isopropylidene-3,4,3',4'- 
biphenyltetramine] and 3,3'-d!aminobenzidine dlisoprapanimine [N' 1 N'"-diisopropylidene-3,4,3',4'-biphenyltetramine] 

30 

[0123] 




40 



[0124] In a 200-ml flask equipped with a Soxhlet extractor including molecular sieves 4A as a dehydrating agent, a 
stirrer, a condenser and a thermometer were placed 21 .4 g {1 00 mmoi) of 3,3'-diaminobenzidine, 100 m! of acetone 
and 3.0 g (50 mmol) of acetic acid, followed by heating under reflux in a nitrogen atmosphere for 3 hours. After cooling 
45 to room temperature, acetone was removed under reduced pressure, and the residue was purified by silica gel chro- 
matography to yield 16.5 g (65 mmol) of 3,3'-diaminobenzidine monoisopropanimine [N'-isopropylidene-SAW-bi- 
phenyltetramine] and 4.7 g (16 mmol) of 3,3'-diaminobenzidinediisopropanimtne[N , ,N"'-dilsopropylidene-3 > 4,3',4 , -bi- 
phenyitetramine]. 

so [Spectral data of 3,3'-diaminobenzidine monoisopropanimine] 

[0125] Infrared absorption spectral data (cm- 1 ): 
1628 (C=N) 

MS: 255 (M+H), 238, 198 

55 

[Spectral data of 3,3' diaminobenzidine diisopropanimine] 
[0126] Infrared absorption spectral data (cm- 1 ): 
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1627 (C=N) 

MS: 295 (M+H), 278, 238 

Preparation Example 10: Preparation of 3,3'-dihyciroxybenzidine dlisopropanimine [N,N'-dlisopropylidene-3,3'- 
s dlhydroxybenzidlne] 

[0127] 



10 



15 




[01 28] In a 200-ml flask equipped with a Soxhlet extractor including molecular sieves 4A as a dehydrating agent, a 
so stirrer, a condenser and a thermometer were placed 21 .6 g (100 mmol) of 3,3'-dihydroxybenzidine, 100 ml of acetone 
and 0.95 g (5 mmol) of p-toluenesulfonic acid monohydrate. followed by heating under reflux in a nitrogen atmosphere 
for 3 hours. After cooling to room temperature, acetone was removed under reduced pressure, and the residue was 
purified by silica gel chromatography to yield 21 .3 g {72 mmol) of target 3,3"-dlhydroxybenzidine dlisopropanimine [N, 
N'-dllsopropylidene-S.S'-dlhydroxybenzldine] in a yield of 72%, 
2s [0129] Infrared absorption spectral data (cm -1 ): 
1628 (C=N) 

MS: 297 (M+H), 279, 240 
Preparation Example 11: Preparation of 3,3'-diaminobenzidine tetraacetylamide 

30 

[0130] 



35 



40 




45 

[0131] in a500-mlflask equipped with a stirrer, a thermometer and a condenser were placed 21 .4 g (100 mmol) of 
3,3'-diamlnobenzidine, 102.1 g (1 mol) of acetic anhydride and 100 ml of acetic acid, followed by heating with stirring 
at 100°C in a nitrogen atmosphere for 5 hours. After cooling to room temperature, acetic acid was removed under 
reduced pressure, the residue was dissolved In ethyl acetate, Was washed with water and 10% aqueous sodium car- 
so bonate solution, and ethyl acetate was removed under reduced pressure. The residue was purified by silica gel chro- 
matography to yield 31 .4 g (82 mmol) of target 3,3'-diaminobenzidine tetraacetylamide in a yieid of 82%. 
[0132] infrared absorption spectral data (em* 1 ): 
1665, 1538, 2394 (each amido group) 
MS: 383 (M+H), 341 ,43 

55 
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Preparation Example 12: Preparation of S.S'-diacetoxybenzidine diacetylamide 
[0133] 

5 



0 



10 




[0134] In a50D-mi flask equipped with a stirrer, a thermometer and a condenser were placed 21,6 g (100 mmol) of 
3,3'-dihydroxybenzidine, 1 02.1 g (1 mol) of acetic anhydride and 100 ml of acetic acid, followed by heating with stirring 
at 100"C in a nitrogen atmosphere for 5 hours. After cooling to room temperature, acetic acid was removed under 
20 reduced pressure, and the residue was dissolved in ethyl acetate, was washed with water and 10% aqueous sodium 
carbonate solution, and ethyl acetate was removed under reduced pressure. The residue was purified by silica gel 
chromatography to yield 32.7 g (85 mmol) of target 3,3'-diacetoxybenzidine diacetylamide in a yield of 85%. 
[0135] Infrared absorption spectral data (cm-'): 1 694 (ester group), 1663 (amldo group), 1630 (amldo group) 
MS: 385 (M+H), 343,43 

25 

Example 1 

[0136] In 100 g of mesitylene at room temperature in a nitrogen atmosphere were dissolved 2.48 g (8 mmol) of 
trimethyl ester of 1 ,3,5-adamantanetricarboxyiic acid prepared in Preparation Example 1 and 6.42 g (1 2 mmol) of 3,3'- 

30 diaminobenzidine tetracyciohexanimine [N,N , ,N",N"'-teiracyclohexylidene-3,4,3',4 , -biphenyitetr amine} prepared in 
Preparation Example 7, to yield a coating liquid having a monomer concentration of 8.2% by weight. After filtrating 
through a filter with a pore size of 0.1 jim, the coating liquid was applied to an 8-inch silicon wafer by spin coating, in 
a nitrogen atmosphere, this was heated at 300°C for 30 minutes and was then heated at 40CC forfurther 30 minutes, 
to form a film. The infrared absorption spectrum of the polymer film was determined. The result Is shown in Fig. 1, 

35 verifying that the target crosslinked polybenzimidazole film had been. The film had a thickness of 300 nm. 
[0137] Infrared absorption spectral data (cm -1 ): 

805 (m), 1280 (m), 1403 (m), 1450 (s), 1522 (w) , 1625 (w), 2857 (s), 2928 (s), 3419 (w) 

Comparative Example 1 

40 

[0138] A coating liquid was prepared by the procedure of Example 1, except using 1 ,3,5-adamantanetricarboxylie 
acid and 3,3'-dlaminobenzidine In the same amounts as in Example 1 instead of trimethyl ester of 1 ,3,5-adamantana- 
tricarboxylic acid and N,N',N",N"'-tetracyciohexylidene-3,4,3 , ,4'-blphenyltetra mine, respectively. However, the com- 
ponents were not sufficiently dissolved in the solvent (mesitylene). Accordingly, another coating liquid having a mon- 
4s omer concentration of 1 .2% by weight was prepared by the procedure of Example 1, except using 0.54 g (2 mmoi) of 
1 ,3,5-adamantanetricarboxylic acid and 0.64 g (3 mmol) of 3,3'-diaminobenzidlne. A polymer film was prepared by the 
procedure of Example 1 , except using the above-prepared coating liquid. The Infrared absorption spectrum of the 
polymer film was determined, to find that the target crosslinked polybenzimidazole film had been formed. The film had 
a thickness of iass than 20 nm. 

50 

Example 2 

[01 39] In 1 00 g of methyl isobutyl ketone (MIBK) at room temperature in a nitrogen atmosphere were dissolved 4.42 
g (12 mmol) of tetramethy! ester of 1, 3, 5, 7-adamantanetetracarboxyiic acid and 12.83 g (24 mmoi) of 3,3'-diami- 
55 nobenzidine tetracyciohexanimine [N,N',N",N" , -tetracyclohexylidene-3,4,3',4'-biphenyltetramine) prepared in Prepara- 
tion Example 7, to yield a coating liquid having a monomer concentration of 14.7% by weight. After filtrating through 
afiiterwithaporesizeofO.1 nm.the coating liquid was applied to an 8-inch silicon wafer by spin coating. Inanltrogen 
atmosphere, this was heated at 300°C for 30 minutes and was then heated at 400°C for further 30 minutes, to form a 
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film. The Infrared absorption spectrum of the polymer film was determined, to find that the target crossllnked polyben- 
zimidazole film had been formed. The film had a thickness of 400 nm. 

Comparative Example 2 

5 

[01 40] A coating liquid was prepared by the procedure of Example 2, except using 1 ,3,5,7-adamanlanetetracarbox- 
ylic acid and 3,3'-diaminobenzidine in the same amounts as in Example 2 instead of tetramethyl ester of t ,3,5,7-ada- 
mantanetetracarboxylic acid and N > N',N",N" , -tetracyclohexylidene-3,4,3',4'-biphenyltetra mine, respectively. However, 
the components were not sufficiently dissolved in the solvent (MIBK). Accordingly, another coating liquid having a 
io monomer concentration of 1 .5% by weight was prepared by the procedure of Example 2, except using 0.62 g (2 mmoi) 
.of 1 ,3,5,7-adamantanetetracarboxyiicacid and 0.86 g (4 mmoi) of 3, 3'-dlaminobenzidine. A polymsrfilm was prepared 
by the procedure of Example 2, except using the above-prepared coating liquid. The infrared absorption spectrum of 
the polymer film was determined, to find that the target crossllnked polybenzimidazole film had been formed. The film 
had a thickness of less than 20 nm. 

15 

Example 3 

[01 41 ] In 1 00 g of dioxane at room temperature in a nitrogen atmosphere were dissolved 4.29 g (1 6 mmoi) of f ,3,5-ad- 
amantanetricarboxylic acid and 8.99 g (24 mmoi) of 3,3'-diaminobenzidine tetraisopropanimine [N : N',N",N" , -tetraiso- 

2° propy(idene-3,4,3',4 , -biphenyltetra mine] prepared in Preparation Example 8, to yield a coatlngliquid having a monomer 
concentration of 1 1 .7% by weight. After filtrating through a filter with a pore size of 0.1 nm, the coating liquid was applied 
to an 8-inch silicon wafer by spin coating. In a nitrogen atmosphere, this was heated at 300°C for 30 minutes and was 
then heated at 400°C for further 30 minutes, to form a film. The infrared absorption spectrum of the polymer lllm was 
determined, to find that the target crosslinked polybenzimidazole film had been formed. The film had a thickness of 

25 360 nm. 

Example 4 

[0142] A coating liquid having a monomer concentration of 9.6% by weight was prepared by the procedure of Example 
30 3, except that 4.88 g (19.2 mmoi) of 3,3'-diaminobenzidine monoisopropanfmine [N'-isoprbpylidene-3,4,3',4'-biphe- 
nyltetraminej and 1 .41 g (4.8 mmoi) of 3,3'-diaminobenzidine diisopropanimine [N',N" , -diisopropylidene-3,4,3',4'-biphe- 
nyltetramine] prepared in Preparation Example 9 were used as the aromatic polyamine derivative instead of N,N',N", 
N" , -tetralsopropylldene-3.4,3',4'-blphenyltetram ine. A polymer film was prepared by the procedure of Example 3, ex- 
cept using the above-prepared coating liquid. The infrared absorption spectrum of the polymer film was determined, 
35 to find that the target crosslinked polybenzimidazofe film had been formed. The film had a thickness of 300 nm. 

Example 5 

[0143] A coating liquid having a monomer concentration of 11 .9% by weight was prepared by the procedure of Ex- 
■to ample 3, except that 9.1 8 g (24 mmoi) of 3,3'-diaminobenzidine tetraacetylamtde prepared in Preparation Example 11 
was used as the aromatic polyamine derivative instead of N,N',N",N" l -tetraisopropylidene-3,4,3',4'-bipheny!tetram ine. 
A crosslinked polybenzimidazole film was prepared by the procedure of Example 3, except using the above-prepared 
coating liquid. The film had a thickness of 360 nm. 

45 Comparative Example 3 

[0144] A coating liquid was prepared by the procedure of Example 3, except that 1 ,3,5-adamantanetricarboxylic acid, 
and 3,3'-diaminobenzidine instead of N,N',N",N"'-tetraisopropyfidene-3,4;3',4'-biphenyitetram Ine were used in the 
same amounts as in Example 3. However, the components were not sufficiently dissolved In the solvent (dioxane). 
so Accordingly, another coating liquid having a monomer concentration of 2.3% by weight was prepared by the procedure 
of Example 3, except using 1 .07 g (4 mmoi) of 1 ,3,5-adamantanetricarboxylic acid and 1.29 g (6 mmoi) of a^'-diami- 
nobenzidine. A polymer film was prepared by the procedure of Example 3, except using the above-prepared coating 
liquid. The infrared absorption spectrum of the polymer film was determined, to find that the target crosslinked poly- 
benzimidazole film had been formed. The film had a thickness of less than 20 nm. 

55 

Example 6 

[0145] In 100 g of propylene glycoi monomethyl ether (PGME) at room temperature in a nitrogen atmosphere were 
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dissolved 3.76 g (14 mmol) of 1 ,3,5-adamantanetricarboxylic acid and 8.07 g (21 mmoi) of 3,3'-dlacetoxybenzidine 
diacetylamide prepared in Preparation Example 12, to yield a coating liquid having a monomer concentration of 10.6% 
by weight. After filtrating through a filter with a pore size of 0.1 urn, the coating liquid was applied to an 8-inch silicon 
wafer by spin coating. In a nitrogen atmosphere, this was heated at 300°C for 30 minutes and was then heated at 
s 400°C for further 30 minutes, to form a film. The Infrared absorption spectrum of the polymer film was determined, to 
find that the target orosslinked polybenzoxazole film had been formed. The film had a thickness of 340 nm. 

Example 7 

>t> [01 46] A coating liquid having a monomer concentration of 9. 1 % by weight was prepared bytheprocedure of Example 
6, except that 6.22 g (21 mmol) of 3,3'dihydroxybenzidine diisopropanimlne [N,N'-diisopropylidene-3,3'-dihydroxyben- 
zidlne] prepared in Preparation Example 10 was used as the aromatic polyamine derivative instead of 3,3'-diacetoxy- 
benzidine diacetylamide. A polymer film was prepared by the procedure of Example 6, except using the above-prepared 
coating liquid. The infrared absorption spectrum of the polymer film was determined, to find that the target crosslinked 

ts polybenzoxazole film had been formed. The film had a thickness of 300 nm. 

Comparative Example 4 

[0147J A coating liquid was prepared by the procedure of Example 6, except that 1 ,3,5-adamantanetricarboxylic acid, 
20 and 3,3'-dihydroxybenzidine instead of 3,3'diacetoxybenzidlne diacetylamide were used in the same amount as in 
Example 6. However, the components were not sufficiently dissolved in the solvent (propylene glycol monomethyl 
ether: PGME). Accordingly, another coating liquid having a. monomer concentration of 2.3% by weight was prepared 
by the procedure of Example 6, except using 1.07 g (4 mmol) of 1 ,3,5-adamantanetricarboxylic acid and 1.30 g (6 
mmoi) of 3,3'-dihydroxybenzldine. A polyrnerfilm was prepared by the procedure of Example 6, except using the above- 
25 prepared coating liquid. The infrared absorption spectrum of the polymer film was determined, to find that the target 
crosslinked polybenzoxazole film had been formed. The film had a thickness of less than 20 nm. 

Example 8 

30 [014B] In 1 00 got methyl dimethylacetamide (DMAC) at room temperature in a nitrogen atmosphere were dissolved 
18.42 g (50 mmoi) of tetramethyl ester of 1, 3, 5, 7-adamantanetetracarboxylic acid and 21.43 g (100 mmoi) of 3,3'- 
diaminobenzidine, to yield a coating liquid having a monomer concentration of 28.5% by weight. After filtrating through 
a filter with apore size of 0.1 ujti, the coating liquid was applied to an 8-inch silicon wafer by spin coating. In a nitrogen 
atmosphere, this was heated at 300°C for 30 minutes and was then heated at 400°C for further 30 minutes, to form a 

35 film. The infrared absorption spectrum of the polymer film was determined, to find that Ihe target crosslinked polyben- 
zimldazole film had been formed. The film had a thickness of 800 nm. 

Example 9 

40 [01 49] A coating' liquid having a monomer concentration of 32.8% by weight was prepared by the procedure of Ex- 
ample 8, except using 26.84 g (50 mmol) of tetra-t-butyl ester of 1 ,3,5, 7-adamantanetetracarboxylic acid as the ada- 
mantanepolycarboxylic acid derivative instead of tetramethyl ester of 1 ,3,5,7-adamantanetetracarboxylic acid. A pol- 
ymer film was prepared by the procedure of Example 8, except using the above-prepared coating liquid. The infrared 
absorption spectrum of the film was determined, to find that the target polybenzimidazole film had been formed. The 

<ts film had a thickness of 900 nm. 

Example 10 

[01 50] A coating liquid having a monomer concentration of 32.5% by weight was prepared by the procedure of Ex- 
50 ample 8, except using 26.64 g (50 mmol) of 1 ,3,5,7-tetrakis(N ,N-diethylcarbamoyi)adamantane as the adamantanep- 
olycarboxyllc acid derivative instead of tetramethyl ester of 1,3,5,7-adamantanetetracarboxylic acid. A polymer film 
was prepared by the procedure of Example 8, except using the above-prepared coating liquid, and the infrared ab- 
sorption spectrum of the film was determined, to find that the target polybenzimidazole film had been formed. The film 
had a thickness of 800 nm. 

55 

Example 11 

[0151] In 100 g of a 70:30 (by weight) mixture of methyl dimethylacetamide (DMAC) and tetrahydrofuran (THF) at 
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room temperature in a nitrogen atmosphere were dissolved 21 .47 g (40 mmol) of tetramethyf ester of 1 ,3,5,7-adaman- 
tanetetracarboxyllc acid and 17.14 g (80 mmol) of 3,3'-dlaminobenzidine, to yield a coating liquid having a monomer 
concentration of 27.9% by weight. After filtrating through a filter with a pore size of 0.1 urn, the coating liquid was 
applied to an 8-inch silicon wafer by.spin coating, in a nitrogen atmosphere, this was heated at 300°C for 30 minutes 
s and was then heated at 400*C for further 30 minutes, to form a film. The Infrared absorption spectrum of the polymer 
film was determined, to find that the target crosslinked poiybenzimidazole film had been formed. The film had a thick- 
ness of 750 nm. 

Example 12 

10 

[0152] In 100 g of methyi benzoate at room temperature in a nitrogen atmosphere were dissolved 5.37g (10 mmol) 
of tetramethyl ester of 1 ,3,5,7-adamantanetetracarboxylic acid and 5.81 g (20 mmol) of 1 ,5-dlamino-2,4-bis(phenylami- 
no)benzene, to yield a coating liquid having a monomer concentration of 10,1% by weight. After filtrating through a 
filter with a pore size of 0.1 urn, the coating liquid was applied to an 8-inch silicon wafer by spin coating, in a nitrogen 
is atmosphere, this was heated at 300°C for 30 minutes and was then heated at 400°C for further 30 minutes, to fotm a 
film. The Infrared absorption spectrum of the polymer film was determined, to find that the target crosslinked poiyben- 
zimidazole film had been formed. The film had a thickness of 320 nm. 

Comparative Example 5 

20 

[0153] In a flask equipped with a stirrer and a condenser were placed 5.37 g (20 mmol) of 1 , 3, 5-adamantanetricar- 
boxylic acid, 6.43 g (30 mmoi) of 3,3'-diamlnobenzidine and 100 g of a polyphosphoric acid, followed by heating and 
stirring at 200°C in a nitrogen atmosphere for 1 2 hours. Alter cooling, the reaction mixture was mixed with water, the 
precipitated solid was collected by filtration and was washed with aqueous sodium hydrogen carbonate soiution, water, 
2s and methanol, to yield a poiybenzimidazole as a solid. An attempt was made to dissolve the solid poiybenzimidazole 
in a solvent, N-methylpyrrolidone (NMP), but failed. Thus, a thin film could not be formed by spin coating, and a target 
thin film was not prepared. 

[0154] While the present invention has been described with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the invention is not limited to the disclosed embodiments. On the 
3Q contrary, the invention is Intended to cover various modifications and equivalent arrangements included within the spirit 
and scope of the appended claims. The scope of the following claims is to be accorded the broadest inteipretation so 
as to encompass all such modifications and equivalent structures and functions. 



as Claims 

1 . A material for dielectric films, which is a polymerizable composition comprising: 

an adamanranepolycarboxylic acid derivative represented by following Formula (1): 

40 




wherein X is a hydrogen atom, a hydrocarbon group or R 4 ; R 1 , R 2 , R 3 and R 4 may be the same as or different 
from one another and are each a carbonyf halide group or a carboxyl group which may be protected by a 
protecting group; and Y 1 , Y*. Y 3 and Y+ may be the same as or different from one another and are each a 
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single bond or a bivalent aromatic cyclic group, wherein at least one of R 1 , R 2 and R 3 is a carbonyl haiide 
group or a protected carboxyi group when X is a hydrogen atom or a hydrocarbon group, and at least one of 
R 1 , R 2 , R 3 and R 4 is a carbonyl haiide group or a protected carboxyi group when X Is R 4 ; 
an aromatic poiyamine derivative represented by foiiowing Formula (2): 




wherein Ring Z is a monocyclic or polycyclic aromatic ring; R 5 , R s , R 7 and R 8 are each a substituent bound 
to Ring Z, R s and R s may be the same as or different from each other and are each an amino group which 
may be protected by a protecting group, and R 7 and R 8 may be the same as or different from each other and 
are each an amino group which may be protected by a protecting group, a hydroxy! group which may be 
protected by a protecting group, or a mercapto group which may be protected by a protecting group, wherein 
at least one of R 7 and R 8 is a protected amino group, a protected hydroxyl group or a protected mercapto 
group when R s and R e are both amino groups; and 
an organic solvent, 

the adamantanepolycarboxylic acid derivative and the aromatic poiyamine derivative being dissolved in the 
organic solvent. 

A material for dielectric films, which is a polymerizable composition comprising: 
an adamantanepolycarboxylic acid represented by following Formula (1a): 



COOH 




(la) 



wherein X a is a hydrogen atom, a carboxyi group or a hydrocarbon group; and Y 1 , Y 2 , Y 3 and Y 4 may be the 
same as or different from one another and are each a single bond or a bivalent aromatic cyclic group; 
an aromatic poiyamine derivative represented by following Formula (2): 




wherein Ring Z is a monocyclic or polycyclic aromatic ring; R 5 , R 6 , R 7 and R 3 are each a substituent bound 
to Ring Z, R 5 and R e may be the same as or different from each other and are each an amino group which 



30 



<EP !462471A1J_> 



EP 1 462 471 A1 



may be protected by a protecting group, and R 7 and R 8 may be the same as or different from each other and 
are each an amino group which may be protected by a protecting group, a hydroxy! group which may be 
protected by a protecting group, or a mercapto group which may be protected by a protecting group, wherein 
at least one of R 7 and R 8 is a protected amino group, a protected hydroxyl group or a protected mercapto 
group when R s and R s are both amino groups; and 
an organic solvent, 

the adamantanepoiycarboxylic acid and the aromatic poiyamine derivative being dissolved in the organic sol- 
vent. 

A material for dielectric films, which is a polymerizable composition comprising: 

an adamantanepoiycarboxylic acid derivative represented by following Formula (1): 




wherein X is a hydrogen atom, a hydrocarbon group or R 4 ; Rf, RZ, R3 and R 4 may be the same as or different 
from one another and are each a carbonyl halide group or a catboxyl group which may be protected by a 
protecting group; and Y 1 , Y 2 , Y 3 and Y 4 may be the same as or different from one another and are each a 
single bond or a bivalent aromatic cyclic group, wherein at least one of R 1 , R 2 and R 3 is a carbonyl halide 
group or a protected carboxyl group when X Is a hydrogen atom or a hydrocarbon group, and at least one of 
R 1 , R a , R 3 and R 4 is a carbonyl halide group or a protected carboxyl group when X is R 4 ; 
an aromatic poiyamine represented by following Formula (2a); 




(2a) 



wherein Ring Z is a monocyclic or polycyolic aromatic ring; and R 9 and R 10 are each a substituent bound to 
Ring Z, may be the same as or different from each other and are each an amino group, a hydroxyl group or 
a mercapto group; and 
an organic solvent, 

the adamantanepoiycarboxylic acid derivative and the aromatic poiyamine being dissolved In the organic sol- 
vent. 

A polymer which is a polymerized product of: 

an adamantanepoiycarboxylic acid derivative represented by following Formula (1): 



1-S624?1A1J_> 
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wherein X is a hydrogen atom, a hydrocarbon group orR 4 ; Rf, R 2 R 3 and R 4 may be the same as or different 
from one another and are each a 'carbonyl halide group or a caifaoxyl group which may be protected by a 
protecting group; and Y 1 , Y 2 , Y 3 and Y 4 may be the same as or different from one another and are each a 
single bond or a bivalent aromatic cyclic group, wherein at least one of R 1 , R 2 and R 3 is a carbonyl halide 
group or a protected carboxyl group when X is a hydrogen atom or a hydrocarbon group, and at least one of 
R 1 , R 2 , R 3 and R 4 is a carbonyl halide group or a protected carboxyi group when X is R 4 ; and 
an aromatic polyamine derivative represented by following Formula (2): 




wherein Ring Z is a monocyclic or poiycyclic aromatic ring; R 5 . R 6 , R 7 and R a are each a substituent bound 
to Ring Z, R 5 and R e may be the same as or different from each other and are each an amino group which 
may be protected by a protecting group, and R 7 and R 8 may be the same as or different from each other and 
are each an amino group which may be protected by a protecting group, a hydroxy! group which may be 
protected by a protecting group, or a mercapto group which may be protected by a protecting group, wherein 
at least one of R 7 and R 8 is a protected amino group, a protected hydroxyl group or a protected mercapto 
group when R 5 and R 6 are both amino groups. 

A polymer which is a polymerized product of: 

an adamantanepoiycarboxylic acid represented by following Formula (1a): 



COOH 




(la) 



wherein X B Is a hydrogen atom, a carboxyl group or a hydrocarbon group; and Y 1 , Y 2 , Y 3 and Y 4 may be the 
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same as or different from one another and are each a single bond or a bivalent aromatic cyclic group; and 
an aromatic polyamine derivative represented by following Formula (2): 



(2) 



wherein Ring Z is a monocyclic or polycyclic aromatic ring; RS, R«, B 7 and R« are each a substituent bound 
to Ring Z, RS and R s may be the same as or different from each other and are each an amino group which 
may be protected by a protecting group, and R 7 and R8 may be the same as or different from each other and 
are each an amino group which may be protected by a protecting group, a hydroxyl group which may be 
protected by a protecting group, or a mercapto group which may be protected by a protecting group, wherein 
at least one of R7 and R8 is a protected amino group, a protected hydroxyl group or a protected mercapto 
group when R s and R 6 are both amino groups. 

A polymer which is a polymerized product of: 

an adamantanepolycarboxylic acid derivative represented by following Formula (1): 




wherein X is a hydrogen atom, a hydrocatbon group or R 4 ; R\ R a , RS and R 4 may be the same as or different 
from one another and are each a carbonyl haiide group or a carboxyi group which may be protected by a 
protecting group; and Y 1 , Y*. Y» and Y 4 may be the same as or different from one another and are each a 
single bond or a bivalent aromatic cyclic group, wherein at least one of R', Ra and R 3 is a carbonyl haiide 
group or a protected carboxyi group when X Is a hydrogen atom or a hydrocarbon group, and at least one of 
R 1 , R 2 , R 3 and R 4 is a carbonyl haiide group or a protected carboxyi group when X is R 4 ; and 
an aromatic polyamine represented by following Formula (2a): 




(2a) 



wherein Ring Z is a monocyclic or polycyclic aromatic ring; and R9 and R™ are each a substituent bound to 
Ring Z, may be the same as or different from each other and are each an amino group, a hydroxyl group or 
a mercapto group. 

A dielectric film comprising the polymer as claimed in any one of claims 4 to 6. 
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